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CXCVIIL.—The Inter-relationships of the Sulphur Acids. 
By Henry Bassett and REGINALD GRAHAM DURRANT. 


TuIs investigation arose out of an attempt to explain the genesis 
of polythionates in the Wackenroder reaction and in the decompos- 
ition of thiosulphates by acid. It soon became clear that the 
reactions of many of the sulphur acids required further study 
before the formation of polythionic acids could be understood. 

In all the reactions of the sulphur acids, the hydrogen-ion con- 
centration plays a very important part and in great measure 
determines the path followed. Addition of acid, 7.e., hydrogen ions, 
to a system should, in accordance with the principle of Le Chatelier, 
favour reactions which remove hydrogen ions, whilst hydroxyl ions 
should produce exactly the opposite effect. These deductions are, 
on the whole, borne out by experiment. 

The method adopted in the theoretical portion of the present 
paper is to consider all reactions and give all equations in terms of 
the acids concerned, even although the reactions may occur in 
alkaline solutions. This has been done for the sake of simplicity 
and uniform treatment, and must not be taken to mean that the 
reactions may not follow an ionic course, although we think it 
probable that many of the reactions discussed do actually involve 
the non-ionised acids rather than their ions. 

A number of equations have to be referred to frequently. These 
are given in the text in the positions where they are first considered. 
To each has been given a number by which it is referred to on 
subsequent occasions, and for convenience in reference all such 
equations are here collected in the order of their first appearance, 
equations mentioned only once not being included; @ after the 
number of an equation signifies the reaction from left to right, 
b that from right to left. 


28 + 2H,O—H,S+(HO)S . ta « « 
S(OH), + HO-S-O-S-OH = H,S + H,S,0, i+ « 
HO'S-0-SO-OH = (HO),S‘SO, . . . . (I) 
H, O + ‘SO, 
HO'S-0-SO-OH + H,O = S(OH), + » . . (IV) 
3/3 
S(OH), + SO,>= (HO),S:‘SO, . . . . (V) 
HO-S-0:S0-OH + (HO),S‘SO, = H,S, 0, ie H,S,0, . . (VI) 
H,S0, + H,S,0, = H,SO, + H,S,0, — . . (VII) 
H,8,0, = H,SO, + Ry = SM, +8). . (VII) 
2H,8,0,-=H,S + HS,0, . . ee 
21.8.0, re : (X) 
B 
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BAO. +US—ES0, 48D ...... 8 
H,S,0, + S = H,8,0, (2H,S,0, + S, == 2H,8,0,) . (XI) 
H,S,0, -+ S== H,S,0, (2H,S,0, + S, == 2H,S,0,) . (XII) 
H,S,0, + HS,03= H,S,0,+H,SO,. . . . . (XIV) 
H,S,0, + H,S,0,—H,S,0,+H,SO,. .. . . (XV) 


In order to save space and avoid repetition, the experimental 
portion of the paper contains only the practical details of experi- 
ments, their connexion with the theoretical discussion being indicated 
by cross references. Any purely qualitative experiments which are 
discussed in the theoretical part are not, as a rule, referred to again 
in the experimental part. 


The Hydrolysis of Sulphur. Sulphoxylic Acid. 


It has been generally supposed that hydrogen sulphide and 
sulphurous acid are the first products of the hydrolysis of sulphur 
(Cross and Higgin, J., 1879, 35, 249; Ber., 1883, 16, 1195) and 
may give rise to thiosulphuric or other sulphur acids. 

This view is probably incorrect, for, just as the hydrolysis of 
chlorine results in the production of equivalent amounts of hydrogen 
chloride and hypochlorous acid, so the hydrolysis of sulphur should 
give equivalent amounts of hydrogen sulphide and sulphoxylic 
acid, (HO),S. The latter is doubtless a very unstable substance 
and would readily undergo further change. 

Although neither free sulphoxylic acid nor its salts are known, 
there are two simple derivatives which are readily accessible. 
These are sodium formaldehydesulphoxylate and sodium hydro- 
sulphite [hyposulphite]. We have shown that when sulphoxylic 
acid is liberated from the formaldehyde compound by hydrolysis 
it undergoes decomposition into hydrogen sulphide and sulphurous 
acid—a change analogous to that undergone by hypochlorous acid. 
If the hydrolysis occurs in presence of a lead, arsenic, antimony, 
stannous, bismuth, cadmium, nickel, cobalt, or zinc salt, the 
sulphide of the metal is precipitated. No acid, other than that 
present in the solution owing to hydrolysis, must be added in the 
case of zinc, nickel, or cobalt, otherwise the precipitate of sulphide 
fails to appear; and very little must be present in the case of 
cadmium. With salts of silver, copper, and mercury, reduction to 
metal occurs. This may occur also with arsenic and probably with 
antimony or bismuth, especially in absence of much acid, whilst, 
conversely, a little sulphide may be formed in the case of copper! 
and silver in presence of much acid. Precisely what happens 
such cases depends upon the relative rates of the oxidation of 
sulphoxylic acid to sulphurous acid or of its change into hydrogen 
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sulphide and sulphurous acid. These rates are affected by con- 
centration of reactants, acidity, and temperature (compare results 
with sodium hydrosulphite, Na,S,0,, Firth and Higson, J., 1923, 
423, 1515; J. Soc. Chem. Ind., 1923, 42, 4277). 

In absence of salts of heavy metals, the hydrogen sulphide acts 
upon the formaldehyde to some extent to yield trithioformaldehyde, 
which appears as white crystals or oily drops and is readily detected 
by its characteristic smell. The normal interaction of hydrogen 
sulphide and sulphurous acid leads to formation of sulphur and 
polythionic acids (see Expt. D). 

On alkaline hydrolysis sulphur gives rise to polysulphide and 
thiosulphate (Gmelin, “‘ Handbook of Chemistry,”’ Watts’s English 
Transl., 1849, II, 160; Auld, J., 1915, 107, 480), both of which 
could result from further action of sulphur on previously formed 
sulphide and sulphite. 

The acid hydrolysis of the formaldehydesulphoxylate occurs 
rapidly on heating, but is slow at the ordinary temperature; the 
actual rate depends also upon the acidity. The alkaline hydrolysis 
is extremely slow, but seems to follow:a similar course to the acid 
hydrolysis, yielding sulphide and sulphite. 

The action of formaldehydesulphoxylate on sodium plumbite 
solutions is slow at the ordinary temperature, but more rapid on 
heating. A mixture of metallic lead and lead sulphide is usually 
formed, a high concentration of sulphoxylate and high alkalinity 
being most favourable to the precipitation of lead sulphide. The 
reduction to metallic lead is due to the sulphoxylate, and not to 
the formaldehyde (Expt. A). In presence of plumbite, it is the 
formation of insoluble lead sulphide which accelerates the hydrolysis 
of the formaldehydesulphoxylate. Sulphur will produce a similar 
eflect by converting the sulphite, formed on hydrolysis of the 
sulphoxylate, into thiosulphate. Thus it was found that, after an 
alkaline solution of formaldehydesulphoxylate had been boiled with 
sulphur and the polysulphide (much of which was, of course, due 
to alkaline hydrolysis of the sulphur) removed with lead acetate, 
the solution was no longer capable of bleaching methylene-blue. A 
similar alkaline sulphoxylate solution, after being boiled for the 
same length of time without sulphur, gave no precipitate with lead 
acetate and still had a strong bleaching action on methylene-blue 
(see also p. 1424). On boiling an alkaline solution of sodium hydro- 
sulphite to which sodium plumbite has been added, a greyish-black 
precipitate of lead sulphide and metallic lead is obtained. The 
‘ame reaction occurs at the ordinary temperature, but much more 
siowly. If the alkaline hydrosulphite solution is boiled and then 
cooled to room temperature before the sodium plumbite is added, 
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an immediate black precipitate appears which consists of pure lead 
sulphide if only small quantities of hydrosulphite and plumbite 
are used in the experiment. 

The work of Binz (Ber., 1904, 37, 3549), Bazlen (Ber., 1905, 38, 
1067), and Reinking, Dehnel, and Labhardt (ibid., p. 1069) leaves 
little doubt that sodium hydrosulphite, Na,S,O,, is to be con. 
sidered as the sodium salt of a mixed anhydro-acid derived from 
one molecule of sulphoxylic acid and one of sulphurous acid. At 
the ordinary temperature, it is so stable towards alkali that sodium 
hydroxide can be used to salt it out from its aqueous solution 
(Bernthsen and Bazlen, Ber., 1900, 33, 126). Bazlen (loc. cit., 
p. 1057) showed that both before and after such salting-out the 
hydrosulphite had the formula Na,S,0,,2H,O. The experiments 
with lead, which have just been described, show that the hydro. 
sulphite is hydrolysed slowly in alkaline solution even at the 
ordinary temperature, and the reactions then observed are the same 
as those obtained with sodium formaldehydesulphoxylate—both 
being the reactions of sulphoxylic acid or its decomposition products, 
If the solution is boiled before the plumbite is added, a precipitate 
of lead sulphide free from metallic lead can be obtained in the case 
of the hydrosulphite, because the sulphoxylate is converted into 
sulphide and sulphite as fast as it is formed. If the plumbite is 
present during the liberation of the sulphoxylate, some of the latter 
is oxidised by the plumbite before it is converted into sulphide and 
sulphite, and so a mixture of lead sulphide and lead is obtained. 
Alkaline solutions of sulphite give no reaction with plumbite under 
the conditions of these experiments, whilst thiosulphate in alkaline 
solution gives a very faint reaction which will be discussed in a 
later section (p. 1418). 

The readiness with which sulphoxylic acid is converted into 
hydrogen sulphide and sulphurous acid in acid solution, or into 
sulphide and sulphite in alkaline solution, is quite sufficient to 
explain why hydrogen sulphide and sulphurous acid have been 
held to be the first products of the hydrolysis of sulphur. In view 
of these results, however, it is felt that there is every justification 
for considering that the primary reaction in the hydrolysis of 
sulphur, whether this occurs in acid or in alkaline solution, 's 
correctly represented by the equation 


28 + 2H,O-H,S+(HO)S.....- 


Attempts to verify this equation directly have not been successful, 
but they do not disprove it. 

The action of moist sulphur on silver and other metals, even at 
the ordinary temperature, is undoubtedly due to slow hydrolysis of 
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the sulphur, which is accelerated by removal of the hydrogen 
sulphide as insoluble sulphide of the metal. Similarly, solutions 
of silver salts, or salts of other metals which form very sparingly 
soluble sulphides, are readily acted upon by sulphur on boiling. A 
quantitative experiment in which sulphur was digested with metallic 
silver in presence of chromic acid was in better agreement with 
reaction (I) than with a reaction 3S + 3H,O — 2H,S + H,SOs, 
since approximately one molecule each of silver sulphide and 
sulphuric acid were formed (Expt. B). 

When finely-ground rhombic sulphur was boiled with silver 
acetate solution, the alteration of the sulphur was very superficial 
owing to the dense, coherent film with which it became covered. 
This so effectively protected the sulphur that it was impossible to 
remove it completely even by long-continued extraction in a Soxhlet 
apparatus with benzene or carbon disulphide. Whether the film 
consisted of a mixture of silver sulphide and silver in the proportion 
to be expected from equation (I), could not therefore be determined. 

The reactions 28(0H), = H,S + H,SO, and 28(0H), = H,S,0,+- 
H,0 look simple, but we can find no evidence that either of them 
occurs, although we have a certain amount of negative evidence 
against them. If sulphoxylic acid could undergo either of these 
changes, alkali should promote the changes, since both would 
correspond to a considerable increase in hydrogen ion. We find, 
however, that there is no sulphate produced when sodium form- 
aldehydesulphoxylate is boiled with alkaline plumbite solution 
(Expt. C). Neither is any sulphate produced when sodium form- 
aldehydesulphoxylate is hydrolysed in acid solution either alone or 
in presence of lead or arsenious salts (Expt. D). If the arsenious 
sulphide formed had resulted from the decomposition of thio- 
sulphate, large amounts of sulphate would have been formed, as 
special experiments showed (Expt. E). 

Long heating of alkaline solutions of sodium formaldehyde- 

sulphoxylate did not seem to lead to the formation of any thio- 
sulphate; the sulphoxylate was apparently unchanged. 
Sulphur separates at once when a strong hydrosulphite solution 
is added to concentrated hydrochloric acid, whereas when sodium 
thiosulphate is so added no separation of sulphur occurs for a long 
time (see p. 1430). If the sulphoxylic acid formed on hydrolysis of 
the hydrosulphite changed rapidly into thiosulphate, no separation 
of sulphur would therefore have been expected. That it does 
Separate is not due to the presence of sulphite, for a solution con- 
taining an equimolecular mixture of sodium metabisulphite and 
thiosulphate did not yield any sulphur on being added to con- 
tentrated hydrochloric acid, except after long standing. 
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Foerster, Lange, Drossbach, and Seidel (Z. anorg. Chem., 1923, 
128, 268) assume that the reaction 28(OH), = H,S,03 ++ H,O does 
occur, and at one time we thought the same, but we have reached 
the conclusion that there is no justification or need for the assump. 
tion. At first sight such a change seems to be indicated by the 
fact that sodium hydrosulphite, in absence of air, in neutral or 
faintly acid solutions, changes quantitatively into sulphite and thio- 
sulphate (Meyer, Z. anorg. Chem., 1903, 34, 43; K. Jellinek and E. 
Jellinek, Z. physikal. Chem., 1919, 93, 325). The solid salt under. 
goes a similar change, and old specimens contain large amounts of 
thiosulphate. It is probable that in this change the thiosulphate is 
not formed directly from sulphoxylic acid, but by a more complex 
mechanism which is considered on p. 1411. 

The mechanism of the change of sulphoxylic acid into hydrogen 
sulphide and sulphurous acid calls for comment. A reaction 
38(OH), — H,S + 2H,SO, seems improbable because (i) it would 
be termolecular although it actually occurs very readily, and 
(ii) it is more likely that dissimilar molecules are respectively 
oxidised and reduced. We suggest that it is sulphoxylic acid itself 
which is reduced, whilst its anhydro-acid, HO-S-O-S-OH, which is 
isomeric with thiosulphuric acid, is oxidised. This would give a 
reaction represented by the equation 


S(OH), + HO-S-0:S-OH = H,S + H,S,0, . . (I), 


where the H,S,0, is pyrosulphurous acid. The reversal of this change 
would be the first step in the Wackenroder reaction (see p. 1440) 
The position with regard to equilibrium (II), as disclosed by the 
reactions of formaldehydesulphoxylate with metallic salts, is some- 
what peculiar. On the one hand, with arsenious chloride, increase 
in acidity favours precipitation of arsenious sulphide instead of 
elementary arsenic, which is formed when little free acid is present, 
but, on the other hand, in presence of sodium plumbite, increase in 
alkalinity favours formation of lead sulphide, the proportion of 
metallic lead which is precipitated increasing as the alkalinity 
decreases. These two results, although at first sight contradictory, 
can be explained on the basis of equation (II). The reaction would 
proceed from left to right with a considerable increase in hydrogen 
ions, for there can be little doubt that sulphoxylic acid would be a 
very weak acid just as hypochlorous acid is. Alkali should there- 
fore favour the change into sulphide and sulphite, which agrees 
with the results of the plumbite experiments. In acid solution, 
high acidity might be expected to favour formation of anhydro- 
sulphoxylic acid at the expense of sulphoxylic acid, and this also 
would accelerate the change of the latter into hydrogen sulphide 


THE INTER-RELATIONSHIPS OF THE SULPHUR ACIDS. 1407 


and pyrosulphite. The effect of high acidity in favouring pre- 
cipitation of arsenious sulphide, rather than of free arsenic, would 
then be intelligible. Increase in acidity would also tend to produce 
sulphur dioxide at the expense of either sulphurous or pyro- 
sulphurous acid, and this also would hasten the decomposition of 
sulphoxylic acid. Reaction (I b) occurs with decrease of hydrogen 
ions, and so will be favoured by acidic conditions. It is this inter- 
action of hydrogen sulphide and sulphoxylic acid which leads to 
the decomposition of sulphoxylic acid in acid solution in absence 
of metals which form insoluble sulphides. Such decomposition 
could be represented by the summation equation 


2S(OH), = H,SO, + S + H,0. 


To postulate the existence of an anhydro-compound, such as 
HO-S:0-S-OH, under alkaline conditions may be considered un- 
reasonable. This objection has been raised by Bucherer and Schwalbe 
(Ber., 1906, 39, 2814) to the unsymmetrical formula for sodium 
hydrosulphite. However, sulphoxylic acid may be expected to be 
a very weak acid, and anhydro- (or pyro-) or even meta-salts of 
weak acids can certainly exist in alkaline solution; for instance, 
the borates Na,B,0,,4H,O and K,B,0,,23H,O can separate from 
solutions containing a large excess of alkali (Dukelski, Z. anorg. 
Chem., 1906, 50, 41). 

Vogel and Partington (J., 1925, 127, 1522) claim to have pre- 
pared solid, crystalline sodium sulphoxylate, Na,SO,, and sodium 
ethyl sulphoxylate, NaEtSO,. The sodium sulphoxylate is said to 
be practically unattacked by boiling concentrated hydrochloric or 
sulphuric acid, although attacked by a hot mixture of fuming 
nitric acid and bromine. Such behaviour is most improbable, and 
our view is that these authors were actually dealing with more or 
less impure sodium sulphate. In any case it is certain that sodium 
sulphate is precipitated on addition of sulphuric acid to a solution 
of sodium compounds in absolute alcohol, and such addition was 
an important step in the recorded preparations. 


Hydrosulphurous Acid. 


The Factors which determine Colour in Simple Sulphur Compounds. 
—On the whole, the term “ hydrosulphite,” which is in fairly 
general use, would seem to be as good as any which has been 
suggested for the salt Na,S,O,. ‘‘ Hyposulphite,”’ the official term, 
does not seem satisfactory, partly because this name has become 
80 firmly attached to what is more correctly called thiosulphate, 
and partly because it is doubtful whether one could correctly 
apply it to Na,S,0,, even if this complication did not exist. We 
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consider that it is sulphoxylic acid, S(OH), or H,SO,, which alone 
has any right to be called hyposulphurous acid. Since H,S,0, is 
a ‘‘ mixed ”’ anhydro-acid, it has no right to the name, as it does 
not belong to the simple sulphuric-sulphurous series at all, any 
more than thiosulphuric acid does. 

We cannot discuss all the evidence for the unsymmetrical anhydro. 
acid structure of the hydrosulphites, but merely wish to direct 
attention to the fact that the action of various oxidising agents 
strongly indicates this structure. Mild oxidising agents, such as 
silver salts, normally oxidise hydrosulphite to sulphite, but the 
action of molecular oxygen is exceptional, for Meyer (loc. cit.) 
showed that in this case sulphite and sulphate are formed. His 
figures indicate that these would be in equimolecular proportion 
were it not for disturbances due to hydrolysis of hydrosulphite by 
the acid formed as the oxidation proceeds. This seems to agree 
particularly well with the unsymmetrical formula. We have found 
that, in solutions containing sufficient sodium carbonate to neutralise 
the acid as it is formed, the atmospheric oxidation of hydrosulphite 
proceeds smoothly as a unimolecular reaction (Expt. F). 

Solutions of sodium hydrosulphite, as is well known, become 
yellowish-brown on acidification. With concentrated solutions, the 
colour may be as deep as, and very similar to, that of N /10-iodine. 
The smell of hydrogen sulphide is quite evident directly after 
acidification, but is soon masked by that of sulphur dioxide. This 
formation of hydrogen sulphide is not generally mentioned, and 
although Bernthsen (Annalen, 1881, 208, 172) and Meyer (loc. cit.) 
mention that cadmium sulphide is precipitated when hydrosulphite 
solutions containing cadmium sulphate are acidified, they do not 
appear to have noticed the hydrogen sulphide itself. Sulphur 
eventually separates from the acidified solution, but the time 
which elapses before this occurs may be considerable. The colour 
persists longest when the acidification has been effected by sulphurous 
acid. If a strong sodium hydrosulphite solution is added to con- 
centrated hydrochloric acid, one obtains but a momentary brown 
colour, and a precipitate of sodium chloride and sulphur separates 
at once. 

The colour of acid hydrosulphite solutions has never been satis- 
factorily explained. It has usually been regarded as the colour of 
the free acid, but, according to present-day views, since the salts 
are colourless the acid should be colourless too, unless some change 
of constitution occurs after it is set free from its salts. The bright, 
clear, deep-coloured solutions do not at all give the impression of 
colloidal solutions of sulphur, a possibility which has been mooted 
(Abegg’s Handbuch, 1908, II, Pt. 1, p. 262). 
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When considering a possible explanation of the colour, several 
other instances of colour in simple sulphur compounds or their solu- 
tions should be borne in mind. The chief of these are: (1) Sulphur 
itself—the much deeper colour of plastic sulphur as compared with 
crystalline sulphur is of interest. (2) Sulphur mono- and di-chlorides, 
which are yellow. (3) Sulphur tetrachloride, which has a brownish- 
red colour. (4) The polysulphides. (5) The yellow or greenish- 
yellow solutions obtained by saturating strong alkali-metal or 
ammonium bisulphite solutions with sulphur dioxide. (6) The 
yellow solutions obtained by the action of sulphur dioxide on 
thiosulphate solutions : yellow solids, K,S,0;,S0, and Rb,8,05,S0, 
have recently been prepared by Foerster and Vogel (Z. anorg. 
Chem., 1926, 155, 161). (7) The yellow compounds of sulphur 
dioxide with potassium thiocyanate and with potassium iodide 
(Fox, Z. physikal. Chem., 1902, 44, 458; Ephraim and Kornblum, 
Ber., 1916, 49, 2007). 

Since potassium bromide and chloride combine with sulphur 
dioxide to form colourless compounds, it would appear that the 
colour of the potassium iodide compounds is in some way due to 
the iodine. The potassium iodide-sulphur dioxide compound need 
not therefore be considered in the present connexion. The com- 
pound KCNS,SO, would, however, seem to owe its colour in some 
way to the attachment of sulphur dioxide to the sulphur of the 
thiocyanate. 

According to the modern theories of valency, the sulphur atom 
in all its ordinary compounds is surrounded by an outer shell of 
8 electrons. This is true of all the sulphur atoms in the following, 
among others: The 8” ion of the sulphides, the HS’ ion, hydrogen 
sulphide, sulphites, sulphates, thiosulphates, and polythionates. 
The co-ordination number of these substances ranges from zero in 
the case of the S” ion to 4 in the case of the sulphates. Neverthe- 
less, all these compounds (unless a colour-giving positive ion is 
present) are colourless. The lack of visible colour seems, then, to 
depend upon the one common characteristic, the shell of 8 electrons, 
and is evidently independent of the state of the atom with respect 
to co-ordination. 

The existence of the very stable sulphur hexafluoride shows that 
sulphur in suitable combination can have as many as 12 electrons 
in its outer shell. This compound also is colourless. 

In sulphur tetrachloride, the sulphur atom would have an outer 
shell of 10 electrons, and since this compound has a brownish-red 
colour, it may well be that it is essentially the 10-electron sheath 
which determines visible colour in all the compounds we are con- 
sidering. In potassium thiocyanate, the sulphur atom has the 
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normal 8-electron sheath, but when it becomes co-ordinated with a 
molecule of sulphur dioxide in the compound KCNS,SO,, it is then 
surrounded by a 10-electron sheath, and the compound is yellow. 
Most of the other yellow sulphur compounds referred to above 
can be accounted for on this basis. The greenish-yellow sulphite 
solutions owe their colour to H,SO;,8O0,—perhaps better written as 


H, 0,0 , which is isomeric with pyrosulphurous acid, 
0” SO, 


H,| 6 SOS 0 . The yellow colour of thiosulphate solutions which 


have been treated with sulphur dioxide would be due to H, lo 8 os | 
2 


In both these cases the sulphur atom to which the sulphur dioxide 
becomes attached would have a 10-electron sheath. 

When hydrosulphurous acid is liberated from its salts, it will be 
readily hydrolysed to sulphoxylic acid and sulphurous acid. The 
yellowish-brown colour is most probably due to a compound, 
(HO),S:SO,, obtained by the co-ordination of one molecule of sulphur 
dioxide with the sulphur atom of a molecule of sulphoxylic acid. It 
could also arise directly by a simple intramolecular change. This 
compound is isomeric with hydrosulphurous acid itself, which may 
be written HO-S-O-SO-OH. When sulphur dioxide is passed into a 
solution of sodium formaldehydesulphoxylate, a solution of precisely 
the same colour is obtained as from sodium hydrosulphite. The 
properties of the two solutions are similar, and the coloured com- 
pound may be the same in the two cases. It is possible, however, 
that the formaldehyde still remains attached in the one case. 

It is noteworthy that formaldehyde removes the colour from 
solutions of all the above sulphur dioxide addition compounds 
owing to formation of the very stable formaldehydesulphurous 
acid. 

Sulphur monochloride, 8,Cl,, would be expected on the above 
theory to be colourless. Its yellow colour may possibly be due to 
association in the liquid state, i.e., co-ordination of one molecule 
with the sulphur atoms of other molecules. 

The colour of sulphur itself and of the polysulphides is explicable 


on the basis of a colourless S<e molecule, with a structure similar 


to that assigned by Rankine (Proc. Physical Soc., 1922, 35, 33) to 
sulphur dioxide, in which all three sulphur atoms have 8-electron 
sheaths, or of an 8, molecule of structure S—S—S, in which each 
sulphur atom would also have an 8-electron sheath. In hydrogen 
trisulphide, which is yellow, one of the sulphur atoms would have 
a 10-electron sheath, and so on. Hydrogen disulphide, which 1s 
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presumably H-S:S:H, is colourless (Walton and Parsons, J. Amer. 
Chem. Soc., 1921, 43, 2539). 

Sulphur tetrachloride is the only coloured sulphur compound 
which has been considered that does not contain sulphur-sulphur 
linkages, but it seems unlikely that such linkages in themselves 
have any great influence on the colour, since thiosulphates, poly- 
thionates, etc., in which such linkages occur, are colourless. The 
10-electron sheath seems to be the important factor, although, of 
course, the actual colour of any particular compound must depend 
to some extent upon its structure and composition as a whole. It 
may well be that union of 10-electron sulphur with 8-electron 
sulphur promotes colour in a similar way to that assumed by 
Willstaitter and Piccard (Ber., 1908, 41, 1465) in organic compounds 
with a meri-quinonoid structure. 

The decomposition of hydrosulphurous acid can be briefly summed 


up thus : 


HO-S-0:SO-OH == (HO),S‘SO, . . . . (II) 
H,O + SO, 

HO:S-0:SO:0H + H,0 = S(OH), + E ,°. . (IV) 
2503 


S(OH), + SO, (HO)SSO, . .. . (V) 


Whether direct rearrangement of the two isomeric forms of H,8,0, 
occurs, or whether one form is converted into the other via sulph- 
oxylic acid formed by hydrolysis, it is not possible to say. Very 
likely both methods of change occur. 

Since two sulphur atoms are directly united in (HO),S-SO,, its 
ready reduction to thiosulphate might be anticipated. K. Jellinek 
and E. Jellinek (loc. cit.) showed that hydrosulphurous and thio- 
sulphuric acids are successive stages in the electrolytic reduction 
of sulphurous acid. Oxidation of HO-S-O-SO-OH by (HO),S:SO, 
probably accounts for the change of hydrosulphite into thiosulphate 
and pyrosulphite in accordance with the equation : 

HO-S-0-SO-OH + (HO),S:SO, — H,S,0,; + H,S,0, . (VI) 
The change follows a bimolecular course (K. Jellinek and E. Jellinek, 
loc. cit.). The Jellineks’ observation, that in presence of sodium 
bisulphite the rate of change is greater and roughly proportional to 
the square of the bisulphite concentration, is probably due to a 
stabilising effect of the sulphite on the two forms of hydrosulphurous 
acid in accordance with reactions (IV) and (V). 

In acid hydrosulphite solutions there occur, superimposed on the 
above changes, the two reactions of sulphoxylic acid represented 
by equations (I) and (II). In addition, there is the possibility of 
polythionic acid formation, either by interaction of hydrogen 
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sulphide and sulphurous acid or by decomposition of thiosulphate 
(see pp. 1416—17 and 1440). Polythionates appear to be always 
formed during the decomposition of hydrosulphurous acid (Foerster, 
Lange, Drossbach, and Seidel, loc. cit., p. 278). 

The fairly permanent, yellow colour, which remains after the 
yellowish-brown colour of (HO),S*SO, has disappeared, is due to 
the sulphur dioxide-thiosulphuric acid complex. 

Freshly acidified hydrosulphite has a most unpleasant smell 
suggestive of, but differing from, that of hydrogen sulphide, and 
not like a mixture of hydrogen sulphide and sulphur dioxide. It 
reminds one of sewer gas more than anything else, and it may well 
he the smell of sulphoxylic acid. 


The Autoxidation of Sulphurous Acid. 


It is known that in absence of air solutions of sulphurous acid 
slowly undergo a change which is generally represented by the 
equation 3H,SO, = 2H,SO,+8-+ H,O. This change is greatly 
accelerated by a high temperature or exposure to light. 

Foerster, Lange, Drossbach, and Seidel (loc. cit.) have recently 
made a careful and exhaustive study of this reaction. With some 
of the theoretical conclusions of these authors we cannot agree, 
and we shall briefly explain our own views without adducing full 
details of the evidence. We agree with them (loc. cit., p. 267) 
that two different molecules must be concerned in the oxidation 
and reduction which is the first step in the autoxidation, but not 
with their suggestion that these are two different forms of the 
HSO,’ or 8,0,” ions reacting according to the equations : 2HSO,'—> 
SO," + H,SO,; 8,0,” —> SO,’ + SO, where H,SO, is sulphoxylic 
acid and SO its anhydride. 

We consider that the reaction 


H,SO, +H,8,0, — H,S0, -. H,S,0, e . . (VI) 


is far more probable, this equation being regarded as applying to 
the reactions of the respective ions as well as to the non-ionised 
acids, as mentioned on p. 1401. We have already (p. 1406) given 
reasons for the view that pyrosulphurous acid is the oxidising agent 
in the Wackenroder reaction, and if so, it is probably the oxidising 
agent in the autoxidation reaction also. Solutions of sulphurous 
acid appear to contain most of their sulphur dioxide as such (Wright, 
J., 1914, 105, 2907), whilst solutions of alkali-metal bisulphites 
contain some pyrosulphite (metabisulphite) (Baly and Bailey, J., 
1922, 121, 1813; Getman, J. Physical Chem., 1926, 30, 266). It's 
not unreasonable to suppose that there is some pyrosulphurous 
acid even in “ sulphurous acid ”’ solutions. Since suiphate appears 
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from the very beginning of oxidation, sulphurous acid is probably 
the substance oxidised. H,S,0,, hydrosulphurous acid, is then the 
most probable product of reduction of the pyrosulphurous acid. 

Since the hydrosulphurous acid is unstable under the prevailing 
conditions, it does not accumulate but rapidly undergoes further 
change (p. 1411). This makes the proof of its formation difficult. 

Jungfleisch and Brunel (Compt. rend., 1913, 156, 1719) stated 
that they had obtained all the reactions for hydrosulphite at the 
stage of the autoxidation just prior to the separation of sulphur. 
Foerster and his colleagues (loc. cit., pp. 277, 288, 293, and 300) 
could only partly confirm this, although they admitted that in 
some cases small quantities of hydrosulphite are formed at some 
stage of the reaction. 

The only reaction for hydrosulphite which can be obtained in 
these sulphite solutions undergoing autoxidation is the bleaching 
of indigo, which is very delicate (but see p. 1439). 

Sulphur dioxide co-ordinated with thiosulphate or iodide 
[H,S,0,*(SO,),; HI(SO,),] may also be able to oxidise sulphurous 
acid and perhaps more rapidly than does pyrosulphurous acid. 
This would be represented by H,SO, + [SO,] = H,SO, + [SO], 
where square brackets indicate a co-ordinated condition; such a 
reaction could account for the remarkable way in which iodide or 
thiosulphate accelerates autoxidation of sulphurous acid (Foerster 
et al., loc. cit., pp. 266—269). 

If our views expressed on pp. 1409—10 are correct, the yellow 
bisulphite solutions contain H,SO,,S0,, in which the sulphur dioxide 
is co-ordinated in a similar way to that present in the iodide and 
thiosulphate complexes. The colour and other indications suggest 
that this form of pyrosulphurous acid is practically absent from 
sulphurous acid solutions, especially weak ones, which nevertheless 
undergo slow autoxidation. It seems likely, therefore, that it is 
the colourless pyro-acid form of H,S,0; (corresponding to the 
solid, colourless pyrosulphites or metabisulphites) —SO,H-O-SO,H— 
which is normally responsible for the first step in the autoxidation 
of sulphurous acid solutions (reaction VII), and that it is the pyro- 
acid form of hydrosulphurous acid —H-SO,°0-S‘OH— which is 
produced in this first step. 

Some of the pyro-acid form of hydrosulphurous acid niveau 
Tearrangement to the coloured form, H,SO,°SO,, and the two forms 
then react to yield thiosulphate and pyrosulphite (reaction VI). 

The middle phase of the autoxidation of sulphurous acid is 
essentially the decomposition of thiosulphuric acid (discussed on 
pp. 1416—40). Trithionic acid, one of the first products of this 
decomposition, gradually yields tetra- and penta-thionic acids as 
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the concentration of sulphurous acid diminishes with the progress 
of the autoxidation. The polythionic acids finally decompose in 
their turn, and the final products of the autoxidation are sulphur 
and sulphuric acid. 

On account of this polythionic acid formation during autoxid. 
ation, tri- and tetra-thionic acids are almost always present in old 
sulphurous acid solutions, whether these have been entirely pro- 
tected from atmospheric oxidation or not. As the thionic acids are 
slowly decomposed in acid solution, the amount surviving in any 
given case depends upon the age and composition of the solution 
(Expt. G, Table I). 

No separation of sulphur occurs for a long time, because the 
excess of sulphurous acid stabilises both the sulphoxylic and the 
thiosulphuric acids by yielding with them the sulphur dioxide 
addition complexes. Formation of thiosulphate from sulphite and 
sulphur, according to reaction (VIII), is greatly facilitated, and 
also the formation of trithionate in accordance with reaction (IX), 
the hydrogen sulphide being removed by interactions with sulph- 
oxylic acid (reaction I), with pyrosulphurous acid (reaction II), or 
with the sulphur dioxide of the sulphur dioxide-thiosulphate com- 
plex. The last reaction could be written H,S + [SO,] = 8(OH),+4, 
although it only occurs when the sulphur dioxide is combined or 
co-ordinated in a suitable manner (indicated by the square brackets). 

We, like Foerster, suppose that the autoxidation involves the 
formation of thiosulphate and the breakdown of this by way of 
the polythionates. Our views differ more particularly as to the 
manner in which the thiosulphate originates and decomposes. We 
can find no evidence for the direct conversion of sulphoxylic acid 
into thiosulphuric acid, which is postulated by Foerster, and do not 
believe that it occurs (see pp. 1405, 1406, and 1439). The break- 
down of thiosulphuric acid will be considered in the next section. 
Foerster considers that pentathionic acid is the first polythionic 
acid to be formed from thiosulphuric acid, whereas we consider 
that trithionic acid is first formed (reaction IX). 

During the stage of autoxidation (reactions VII and VI), where 
thiosulphate is forming, the acidity or hydrogen-ion concentration 
increases, and addition of acid is consequently unfavourable to the 
reaction. On this account, bisulphite solutions undergo autoxid- 
ation much more rapidly than do sulphurous acid solutions. 

This effect of the hydrogen ion is connected with its influence 
on the equilibria H* + HSO,’— H,SO,— H,O + SO,. The more 
acid the solution, the greater the proportion of sulphur dioxide 
present, and since the autoxidation becomes correspondingly slower, 
this favours the view that sulphur dioxide is not one of the primary 
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reactants. The well-known photochemical change 380, = 280, + 8 
will not take place if the gas is absolutely dry (Coehn and Becker, 
Z. physikal. Chem., 1910, '70, 89), so that possibly even in this case 
the reaction follows a similar course to that outlined above, in the 
film of moisture adsorbed on the surface of the containing vessel. 

Liquids other than water may be able to bring about the reaction, 
as in the somewhat similar case of the interaction of hydrogen 
sulphide and sulphur dioxide (Matthews, J., 1926, 2270). The 
view that pyrosulphurous acid is one of the primary reactants in 
the autoxidation of sulphurous acid is strengthened by the observ- 
ations of Bennett (J., 1922, 121, 1794), who found that sulphur, 
or even hydrogen sulphide, was liberated when sodium sulphite or 
pyrosulphite, in the solid state or in saturated solution, was added 
to hot concentrated sulphuric or phosphoric acid. Sulphur dioxide 
or its saturated solution in water would not act in this way. Under 
Bennett’s conditions, the various stages in the autoxidation are 
passed through very rapidly, and it is not surprising that only the 
use of salts enables a sufficient concentration of pyrosulphurous 
acid to be obtained to make this possible. 

It seems probable that, whenever sulphurous acid is reduced in 
presence of water, the reduction proceeds normally through the 
stage of hydrosulphite and not directly to sulphur or hydrogen 
sulphide. These would be products of decomposition of hydro- 
sulphurous, sulphoxylic, or thiosulphuric acid. In certain cases 
the last may be the second step in the reduction, as in the electro- 
lytic reduction already referred to (K. Jellinek and E. Jellinek, 
loc. cit.). Instances of reactions involving sulphurous acid which 
can be so accounted for are numerous (Smythe and Wardlaw, 
Proc. Durham Phil. Soc., 1913—14, 5, 187; Durrant, J., 1915, 
107, 622; Wardlaw and Clews, J., 1920, 117, 1093; Wardlaw, 
Carter, and Clews, ibid., p. 1241; Wardlaw and Pinkard, J., 1922, 
121, 210; Stewart and Wardlaw, ibid., p. 1481; Rogers, J., 1926, 
254; Carter, J. Soc. Chem. Ind., 1926, 45, 2077; Wardlaw, ibid., 
p. 2107). 

Bichowsky (J. Amer. Chem. Soc., 1922, 44, 116) has shown that 
at high temperatures (527—613° Abs.) the hydrolysis of sulphur 
leads to equilibria involving hydrogen sulphide, sulphur dioxide, 
and sulphuric acid. These can be regarded as resulting from a 
combination of the hydrolytic equilibria occurring at the ordinary 
temperature with the autoxidation equilibria. 


The Decomposition of Thiosulphuric Acid. 


Numerous investigations on the action of acids upon thiosulphates 
have been published during the last few years, since we commenced 
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our own experiments, and we disagree with many of the conclusions, 
We find that thiosulphuric acid decomposes according to the three 
reversible reactions 
H,S,0,——H,SO,+S ... . . . (VII), 
2H,S,0,—HS+HS,0, . . . . . (IX), 
2H,S,0,—H,O+HS,0, . . . . . (X). 
Only reaction (VIII) is usually mentioned in text-books. 

Reaction (1X).—The fact that hydrogen sulphide is invariably 
formed in small amounts when acid is added to thiosulphate solu- 
tions has escaped notice almost entirely. Spring and Levy (Bull. 
Acad. roy. Belg., 1876, 42, 103; Spring’s collected researches, 1923, 
Vol. II, p. 1028) observed it, and so did Colson (Bull. Soc. chim., 
1880, 34, 66). Colson attempted to discover the nature of the 
reaction and determined the ratio of hydrogen sulphide and sulphuric 
acid formed. He found that this was variable and seems to have 
concluded that the hydrogen sulphide was formed by the action of 
nascent sulphur on hot water. Of later workers, only Foerster, 
Lange, Drossbach, and Seidel (loc. cit., pp. 245, 307) allude to it. 
They suppose that hydrogen sulphide is formed by a minor side- 
reaction, H,S,0, + H,O — H,SO, + H,S, and do not bring this 
into their scheme of polythionate formation. The presence of 
hydrogen sulphide in standard sodium thiosulphate solutions has 
been attributed by Schulek (Z. anal. Chem., 1926, 68, 387) to 
bacterial action. 

We find that hydrogen sulphide is always produced when acids 
or even water alone acts upon sodium thiosulphate. The gas is 
evolved if carbon dioxide is bubbled through, or if the thiosulphate 
is warmed with boric acid, whilst stronger acids liberate it readily. 
Little or no sulphuric acid is produced unless the mixture is boiled 
for a long time. It then results from the hydrolysis of tri- and 
tetra-thionic acids (Expt. H). 

According to Jellinek (Z. physikal. Chem., 1911, 76, 257; see also 
Kolthoff, Rec. trav. chim., 1924, 43, 216) the oxy-acids of sulphur 
can be arranged in order of increasing strength in the series 

H,SO,, H,S,0,, H,S,03,, H,SO,, H,S,0,, H,S,0¢. 

Di- and tri-thionic acids are of about the same strength, and so are 
thiosulphuric and sulphuric acids, whilst sulphurous acid is much 
the weakest of the series; hydrogen sulphide is still weaker. 
Reactions (VIII) and (IX) correspond to a definite decrease of 
hydrogen-ion concentration when proceeding from left to right. 
They should therefore tend to occur in acid solution, as we find 
to be the case, whilst they should be reversed in alkaline solution, 
which is true also. 


THE INTER-RELATIONSHIPS OF THE SULPHUR aAcIDs. 1417 


That polythionic acids are formed by the action of acids on 
thiosulphates is fairly well known: Chancel and Diacon (Compt. 
rend., 1863, 56, 710; J. pr. Chem., 1863, 90, 55) seem to have been 
the first to observe it. We believe that our experiments show that 
reaction (IX) is the most important one by which these acids are 
formed. It is true that the amount of hydrogen sulphide liberated 
is very small in proportion to the amount of polythionic acids 
formed, but this is because reaction (VIII) is that which normally 
occurs to the greatest extent when acid acts upon thiosulphate. 
The hydrogen sulphide is thus liberated in presence of a large 
amount of sulphurous acid and destroyed by the same reactions 
which occur in the Wackenroder solution, which will be considered 
presently. 

On this basis, trithionic acid becomes a primary, if not the primary, 
thionic acid produced. 

The argument used by Foerster and Vogel (loc. cit., p. 173) to 
show that penta- and not tri-thionic acid must be the primary 
thionic acid is unsound. According to our scheme, trithionic acid, 
formed by reaction (IX), combines with sulphur, formed by re- 
actions (VIII), (IL), and (I), to yield tetra- and penta-thionic acids. 
These are also formed by interaction with thiosulphate according 
to reactions (XIII) and (XIV). The fact that more thiosulphate 
than sulphite was consumed in Foerster and Vogel’s experiments 
can thus be quite satisfactorily accounted for on the basis of our 
views. 

Tetra- and penta- as well as tri-thionic acids are formed in the 
action of acids on thiosulphates, but the points which arise in this 
connexion will be discussed in the next section, which deals with the 
Wackenroder reaction. 

Spring and Levy (loc. cit.) are the only authors who have attached 
any importance to the liberation of hydrogen su'phide, and who have 
assumed that polythionates result from trithionate formed in the 
manner just indicated. Of the greatest significance in this con- 
nexion is the fact that in alkaline solution the converse change 
occurs, alkali sulphide and trithionate reacting to form thio- 
sulphate (Chancel and Diacon, loc. cit.). 

We consider that there is overwhelming evidence that a reaction 
18,0, + H,O = H,SO, + H,S does not occur in either direction. 
The direct formation of sulphuric acid and hydrogen sulphide 
from thiosulphuric acid would correspond to a small increase in 
hydrogen ions, so that, if it is possible, it should be favoured by alkali 
and hindered by acid, whilst the formation of thiosulphate from 
sulphate and sulphide should be favoured by acidic conditions. 
Now we have found that in alkaline solutions mixtures of sulphate 
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and sulphide do not react to form thiosulphate, nor does thio. 
sulphate yield sulphate and sulphide [see Expt. I, (i), (ii), and 
(vi)]. There seem to be only two ways of explaining these facts: 
either (a) the chemical inertia of the system is so great that wu. 
stable conditions persist more or less indefinitely, or (b) thiosulphate 
is not directly related to sulphate and sulphide in the manner 
indicated by the above equation. 

There is considerable evidence in support of (b). The precipit. 
ation of sulphides of metals by the action of soluble thiosulphates 
on solutions of their salts, or by decomposition of previously-formed 
thiosulphates of the metals, is usually supposed to occur in such a 
way as to give sulphide and sulphate directly, e.g., Ag,S.0, +- H,0 = 
Ag,S + H,SO,, and a similar decomposition of thiosulphuric acid 
has been inferred. The same result could, however, be reached via 
the trithionate, e.g., 


Since the trithionates of the heavy metals are nearly as unstable as 
the thiosulphates, it is difficult to settle this point with simple 
thiosulphates, although Fogh (Compt. rend., 1890, 110, 524) has 
shown quite clearly that when lead thiosulphate is boiled with water 
it yields, in the first instance, sulphide and trithionate. Fogh 
states that this decomposition into trithionate can occur quantit- 
atively without any side reactions, but we have always found some 
decomposition of trithionate with consequent formation of sulphate 
and liberation of sulphur dioxide. It is certain, however, that the 
main reaction is that which yields trithionate. With double 
thiosulphates, it is easier to demonstrate that trithionate is formed, 
and Spring (Bull. Acad. roy. Belg., 1874, 37, 45; op. cit., Vol. 2, p. 
966) showed that solutions of the double thiosulphates of an alkali 
metal and silver, mercury, or lead yield on boiling silver, mercury, 
or lead sulphide and alkali trithionate. Conversely, lead sulphide 
on digestion with potassium trithionate was converted into lead 
thiosulphate. When boiled with less than the equivalent amount 
of alkali, lead thiosulphate is largely converted into trithionate 
[Expt. I, (vii)], and also when boiled with dilute acetic acid [Expt. 
I, (viii)]. We find that weakly alkaline solutions of sodium thio- 
sulphate on boiling yield sulphide and trithionate, but only a trace 
of sulphate. If they are boiled with sodium plumbite, lead sulphide 
is precipitated and trithionate remains in solution, which is in agree- 
ment with Spring’s results (Expt. I). 

With strongly alkaline solutions of thiosulphate, the above 
reaction would not be expected to occur to any extent, for, in the 
equilibrium (IX), increased alkalinity favours the formation of 
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thiosulphate. A minute trace of sulphide always seems to be 
formed, however [Expt. I, (iii)]. 

Since trithionate on hydrolysis can yield sulphate, sulphite, and 
thiosulphate (pp. 1421, 1422), and thiosulphate yields trithionate, 
it follows that there are relationships, although indirect ones, 
between thiosulphate, sulphide, and sulphite on the one hand, and 
thiosulphate, sulphide, and sulphate on the other. The position can 
be seen from a consideration of the reactions 

H,0 H,0 
2H,S,0, — H,S + H,S,0, — 2H,S + H,8,0, = 
2H,S+2HSO, ....- - (i) 


2H,S,0, — H,S + H,8,0, | __.3H,0 . a 
H,0 . 3H,S8,0, —2H,S + 4H,SO;. (ii) 
2H,8,0, == H,S,0, + 4H,S0,| 


From (i) it is seen that in alkaline solution the equilibria of its con- 
stituent reactions lie right over to the left as regards the change of 
thiosulphate into sulphide and trithionate, and completely to the 
tight as regards the hydration of pyrosulphuric acid. For this 
reason, both ends of the reaction chain (i) appear equally stable in 
alkaline solution. Only in very strong sulphuric acid solution is 
any change in the direction of trithionate and thiosulphate possible. 

Conditions are somewhat similar as regards (ii). In alkaline 
solution, the positions of equilibria are well to the left as regards 
the thiosulphate—trithionate reaction, and well to the right as regards 
the conversion of trithionate into sulphite and thiosulphate (which 
occurs in the steps discussed on p. 1447), so that here also it is found 
that thiosulphate shows no tendency to be hydrolysed to sulphide 
and sulphite, whilst, on the other hand, sulphide and sulphite will 
hot react to yield thiosulphate [Expt. I, (iv) and (v)]. 

If only the summation equations H,S,0, + H,O —> H,S + H,SO, 
and 3H,S,0, + 3H,0 —> 2H,S + 4H,SO, are considered, quite 
erroneous ideas are formed. 

Foerster and Mommsen (Ber., 1924, 57, 258; see also Foerster 
and Vogel, loc. cit., p. 168) found that sodium hydrogen sulphide 
and bisulphite react smoothly to yield sodium thiosulphate : 
2NaHS + 4NaHSO, —> 3Na,S,0, + 3H,0. This summation 
equation has the same form as (ii) above, but it would seem that it 
represents a mechanism entirely different from that considered 
above. In all probability, Foerster and Mommsen’s synthesis of 
thiosulphate involved reactions (IIb), (Ib), and (VIIIb), occurring 
Msuccession. Here again, since alkali strongly favours thiosulphate 
m reaction (VIII) and the mixture of sulphide and sulphite in 
reaction (ii), we have the curious position that in alkaline solution 
both thiosulphate and also the mixture of sulphide and sulphite are 


1420 BASSETT AND DURRANT: 


equally stable. Only in the neighbourhood of the neutral point is 
synthesis of thiosulphate possible by this method. We have found 
that sulphide and sulphite do not react in alkaline solution [Expt. | 
(iv) and (v)]. 

Barium thiosulphate decomposes very slowly when boiled with 
water. Considerable quantities of polythionates are formed, but 
relatively little sulphate. The formation of barium sulphate 
equivalent to the barium thiosulphate would be expected if thio. 
sulphuric acid decomposed according to the scheme H,S,0, + H,0> 
H,SO, + H,S, in which case, moreover, the decomposition should 
be greatly accelerated by the presence of barium, as it is by the 
presence of salts of copper, silver, and mercury, even after allowance 
has been made for the fact that barium sulphate is not nearly so 
insoluble as the sulphides of these metals. 

An experiment due to Muck (Ber., 1871, 4, 446) seems at first 
sight to show that direct action of hydrogen sulphide on sulphuric 
acid is possible. This author found that, on boiling manganese 
sulphide with a solution of ammonium sulphate, ammonia and 
hydrogen sulphide were expelled and trithionate was formed, although 
only in small amount. He gives no indication of the amount of 
trithionate formed and does not prove that it was not thiosulphate. 
It is clear that in this experiment the manganese sulphide serves 
merely as a source of hydrogen sulphide, which is liberated by the 
action of the acid produced from the ammonium salt by hydrolysis. 
We have repeated the experiment and find that it is thiosulphate 
which is produced, not trithionate. The amount formed is ex- 
ceedingly small if one takes precautions to exclude air as thoroughly 
as possible, It is not easy to prevent the formation of a small 
amount of black oxide of manganese—a sure sign of oxidation— 
and the thiosulphate is probably formed by atmospheric oxidation 
of hydrogen, or possibly ammonium, sulphide, this oxidation being 
perhaps catalysed by the manganese oxide. It is known that 
atmospheric oxidation of ammonium sulphide solutions does give 
rise to thiosulphate. We found that an old ammonium sulphide 
solution, which had deposited sulphur and lost its colour, had become 
a strong solution of ammonium thiosulphate (Expt. J). 

Hydrogen sulphide and strong sulphuric acid interact, especially 
when hot, to produce sulphur and sulphurous acid, and this is 
generally represented by means of the equation H,S + H,SO,— 

H,SO, + H,O +8. At the ordinary temperature, the sulphuric 
acid has to is almost 25N before any separation of sulphur occurs 
on passage of hydrogen sulphide. One would have expected inter: 
action at lower concentrations if non-ionised sulphuric acid weré 
the active agent in the oxidation. It seems much more likely that 
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it is pyrosulphuric acid which reacts with the hydrogen sulphide 
in the first instance, and that the oxidation of the hydrogen sulphide 
by strong sulphuric acid takes place in several steps, the first of 
which consists in the formation of trithionic acid according to the 
equation 


H,S,0, + H,S = H,S,0,+H,O. . . (XI) 


[t is probable that pyrosulphuric acid is present to some extent 
in acid as concentrated as 25N, but it is scarcely likely to be present 
at much lower concentrations. 

Hydrolysis of the trithionic acid in the manner discussed on 
p. 1447 could yield sulphurous acid and thiosulphate, which would 
itself give sulphurous acid and sulphur. Sulphur could also be 
formed by interaction of hydrogen sulphide and the intermediate 
products of the hydrolysis. We consider that we have obtained 
small quantities of trithionic acid by the action of hydrogen sulphide 
on sulphuric acid of such a strength that sulphur is just not deposited 
when a current of hydrogen sulphide is passed through (Expt. K). 

Trithionic acid must be regarded as .being thiopyrosulphuric acid, 
and the hydrolysis of heavy-metal trithionates would yield pyro- 
sulphuric acid in the first instance, and not two mols. of sulphuric 
acid as shown on p. 1418. Onthe above basis, the remarkable stability 
of thiosulphate towards alkali becomes intelligible, 

Since an equilibrium H,S,0, + H,O — H,S + H,SO, does not 
occur in any circumstances, there is no tendency for thiosulphate 
to be decomposed in such a manner by alkali, and likewise no 
possibility of interaction of sulphide and sulphate. 

It is to be noted that in the equilibrium (IX) thiosulphuric and 
trithionic acids are of approximately the same strength, whilst 
hydrogen sulphide is much weaker. Alkali therefore shifts this 
equilibrium in favour of thiosulphate, and it is only in feebly 
alkaline solutions that there is any appreciable decomposition into 
sulphide and trithionate. Under more alkaline conditions, sulphide 
and trithionate readily yield thiosulphate, which is thus very 
stable in presence of strong alkali. 

There is a difficulty in connexion with the hydrolysis of trithionates 
which has been pointed out by Foerster and Hornig (Z. anorg. Chem., 
1922, 125, 119). Both in weakly alkaline and in weakly acid 
solutions, the hydrolysis of trithionic acid follows a course which 
can be represented by the equation H,S,0, + H,O —> H,SO, + 
H,S,0;. This hydrolysis is enormously accelerated by salts of 
copper, silver, and mercury with precipitation of the sulphides of 
these metals. This would be explicable, if the above hydrolysis is 
reversible, by the disturbance of the equilibrium caused by decom- 
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position of the thiosulphuric acid brought about by the insolubility 
of the metal sulphides precipitated. Against this view of the matter 
is the fact that the presence of added sulphate does not seem to slow 
down the rate of hydrolysis, whilst the presence of barium salts does 
not appreciably accelerate it, as might have been expected in view 
of the insolubility of barium sulphate. 

The following is a possible way out of the difficulty : Trithionic 
acid is an equilibrium mixture of the two forms 


(a) SH-SO,-0-S0,-OH == OH-SO,-8-S0,-OH (6) 


both of which could equally well be formed from thiosulphuric acid 
by elimination of hydrogen sulphide; form (b) seems to be favoured 
by alkaline conditions, which would indicate that it is the more 
acidic of the two—possibly because of its greater symmetry. Under 
ordinary conditions of acidity both forms will be present, (a) pre- 
dominating. Equilibrium between the two forms is probably 
established very rapidly. Hydrolysis of form (a) yields, in the 
first instance, hydrogen sulphide and pyrosulphuric acid, and it is 
not surprising that the hydrolysis is greatly accelerated by copper, 
silver, and mercury salts owing to the insolubility of the sulphides 
of these metals. There is, however, no reason why a barium salt 
should accelerate hydrolysis in this direction, for in the equilibria 
H,0 
H,S,0, + H,0 = H,S + H,8,0, = H,8 + 2H,S0, 

the pyrosulphuric acid would be hydrated nearly as quickly in 
absence of barium as in its presence, since the equilibrium would be 
almost entirely in favour of sulphuric acid except in very acid 
concentrated solutions. For a similar reason, sulphate ions have 
little influence on the rate of hydrolysis. 

The results of Kurtenacker and Kaufmann (Z. anorg. Chem., 
1925, 148, 43) and of Foerster and Hornig (loc. cit., p. 86) show that 
under neutral and acid conditions and in absence of heavy metals 
the hydrolysis of trithionic acid yields chiefly sulphate and thio- 
sulphate. In presence of sodium acetate, quantitative agreement 
with the equation H,S,0, + H,O —> H,SO, + H,S,0, is obtained 
(Foerster, ibid., 1925, 144, 337). It does not necessarily follow, 
however, that this is the primary reaction. 

Kurtenacker and Kaufmann (loc. cit., p. 369) have shown that in 
strongly alkaline solutions the hydrolysis of trithionate yields no 
sulphate, but only sulphite and thiosulphate : 2H,S,0, + 3H,O—> 
H,S,0, + 4H,SO;. We consider the possible mechanism of this 
change on p. 1447. With decreasing alkalinity, sulphate is formed a 
well as sulphite and thiosulphate. In presence of sodium acetate, 
#.e., under practically neutral conditions, sulphate and thiosulphate 
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are formed in equimolecular proportion, as Foerster showed. 
Rapid hydrolysis of trithionate in strongly acid solution yields more 
than one-third of the original sulphur in the form of sulphate. This 
_agrees with the views expressed above, but does not prove that 
they are correct, for the extra sulphate might possibly be derived 
from polythionates formed by the Wackenroder reaction from 
hydrogen sulphide and sulphur dioxide, which are also formed 
during the hydrolysis. We do not think this is very likely, however 
(Expt. L). 

We believe that trithionate never yields sulphate and thiosulphate 
directly on hydrolysis (which is why neither barium nor sulphate 
ions influence the reaction appreciably). Form (a) yields hydrogen 
sulphide and pyrosulphuric acid only, in the first instance, whilst 
form (b) is hydrolysed in the manner discussed on p. 1447. This in 
three steps leads to the reaction actually realised in strongly alkaline 
solution: 2H,S,0, -++- 3H,O—~> H,S,0, + 4H,SO,;. Now sulphoxylic 
acid is an intermediate product in the hydrolysis of the (6) form, and 
would react with hydrogen sulphide formed on hydrolysis of form 
(a). If forms (a) and (6) were present in equal proportion and 
hydrolysed at the same rates, we should have the following combin- 
ations of reactions : 


(Two steps) H,S,0, +- 2H,O — 2H,SO, + H,S 
(Iwo steps) H,S,0, +- 2H,O0 — 2H,SO, + (HO),S 
H,S ++ (HO),S — 28 + 2H,O 
2H,SO, + 2S — 2H,S8,0, 


2[H,S,0, + H,0 = H,SO, + H,S,05] 


This balanced state of the two modes of hydrolysis seems to occur 
in neutral solution. 

It is noteworthy in connexion with the above suggestions that 
hydrogen sulphide is always formed during the acid hydrolysis of 
trithionate, as was noticed by Kessler (Pogg. Ann., 1848, 74, 262). 
The fact that it is noticeable more particularly at the very com- 
mencement of the action suggests that it is, in the main, a real 
Ptimary product rather than a product of decomposition of the 
thiosulphate. 

Needless to say, and as Foerster and Hornig and Kurtenacker and 
Kaufmann have shown, the other polythionic acids are formed 
during the acid hydrolysis of trithionate as in all acid decompositions 
of sulphur acids, but these are due to later changes than those now 
being discussed. In Expt. M we record two hydrolytic experiments 
Which extend Kurtenacker and Kaufmann’s results. 

Reaction (VIII).—Under most conditions, reaction (VIII) occurs 
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to the largest extent. It involves a perfectly definite equilibriun, 
such that in alkaline solution the thiosulphate is very stable. On 
this account, thiosulphate is readily formed by boiling alkaline 
sulphite solutions with sulphur. Nevertheless, even in the alkaline 
solutions there may be a perfectly definite although very small dis. 
sociation into sulphite and sulphur. If alkaline thiosulphate solu. 
tions containing alkali sulphide are boiled in absence of air, they 
become deep yellow owing to formation of polysulphide, the extra 
sulphur for which is obtained from the thiosulphate. A similar 
result is obtained by boiling an alkaline thiosulphate solution with 
sodium formaldehydesulphoxylate. The yellow solution obtained 
gives an immediate precipitate of lead sulphide with lead plumbite. 
This is rather an elegant method of showing that sulphide is formed 
on alkaline hydrolysis of sulphoxylate (compare p. 1403). 

The equilibrium between sulphide and thiosulphate may be 
written Na,S + Na,S,0, — Na,S, + Na,SO,, although higher poly- 
sulphides might result as well. Such a reaction does not necessarily 
involve any dissociation of thiosulphates into sulphite and sulphur. 
There can be little doubt that it is because of such equilibria that a 
trace of hydrogen sulphide greatly accelerates the reaction between 
sodium sulphite and sulphur. We have found that sometimes there 
is a long delay before sulphur begins to dissolve in boiling sodium 
sulphite solution, and in such cases the effect of passing a few 
bubbles of hydrogen sulphide into the solution is very marked; 
once the reaction has commenced it proceeds smoothly. The 
catalytic action of sulphide has been referred to recently by Watson 
and Rajagopalan (J. Indian Inst. Sci., 1925, 8, A, 275), and had 
been previously noted by Hargreaves and Dunningham (J. Soc. 
Chem. Ind., 1923, 42, 1477). Alkali also catalyses the reaction 
owing to the production of sulphide by hydrolysis of the sulphur. 
It must be supposed that sodium sulphide or hydrogen sulphide is 
more efficient in detaching atoms of sulphur from solid sulphur than 
is sodium sulphite. 

Holleman (Rec. trav. chim., 1895, 14, 71) considered that the 
decomposition of thiosulphuric acid into sulphur and sulphurous 
acid followed a unimolecular course, although he recognised that 
the figures with which he supported this view indicated some 
complication. He does not seem to have considered the possibility 
of a bimolecular reaction, although his figures give better values for 
such a reaction. 

His method was to determine by an iodine titration the amount 
of decomposition which had occurred in sodium thiosulphate 
solutions of different concentrations one minute after mixing with 
the equivalent amount of hydrochloric acid. His three experiments 
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are given below, with the values of k calculated for uni- and bi- 
molecular reactions. 


Mixture used. 
M-Na,S,0; added to 2M-HCl 


M/2-Na,8,0, added to M-HCl 
M/5-Na,8,0, added to 2M /5-HCl 

The correct values for k cannot be calculated from Holleman’s 
data. He assumed, erroneously, that when decomposition was 
complete the final value of the iodine titre would be twice the initial 
titre, and on this basis he calculated the concentration of thiosulphate 
left after one minute. The true values are less than those used in 
the above calculations, for, owing to polythionate formation, thio- 
sulphate disappears more quickly than is indicated by the increase 
in the iodine titre. We find that, instead of increasing to double the 
original titre, the final titre may be only 20—80% greater. 

As it is now generally accepted that unimolecular reactions are 
very uncommon (see, e.g., Hinshelwood and Topley, J., 1924, 125, 
393), we have examined the kinetics of the decomposition of thio- 
sulphuric acid more fully. The method used was to titrate acidified 
solutions after different intervals of time with standard iodine 
solution, continuing until the iodine titre reached a maximum value 
and became approximately constant or even decreased. 

It is evident from the figures quoted (Expt. N) that the maximum 
value of the iodine titre is smallest for the most dilute solutions, and 
tends to increase both with increasing concentration of thiosulphate 
and with increasing acidity. Even in the most acid solution 
examined, the maximum titre was only 75% greater than the 
initial. If thiosulphuric acid decomposed only according to reaction 
(VIII), the iodine titre would eventually become doubled; if the 
decomposition was entirely according to reaction (IX), the titre 
would remain unaltered. If both modes of decomposition occur 
together, then reactions (IIb) and (Ib) follow as a matter of course, 
and, provided reactions (VIII) and (IX) occur in the right propor- 
tion, the iodine titre might fall to zero. 

The greater part of the sulphurous acid formed in reaction (VIII) 
becomes either pyrosulphurous acid or sulphur dioxide and, when 
extended to include these changes, reaction (VIII) corresponds to a 
greater decrease of acidity than does reaction (IX). It follows that 
the more acid the conditions under which thiosulphuric acid decom- 
poses, the more may reaction (VIII) be expected to predominate as 
compared with reaction (IX) (compare pp. 1430—31). The increase 
in the maximum iodine titration with increasing acidity, in the 
experiments under consideration, seems to be mainly due to such 
an increase in the relative importance of reaction (VIII). 
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The reason for the existence of a maximum iodine titre at all must 
be considered. From the experiments quoted, it will be seen that it 
is practically only in the cases where acid and thiosulphate are 
mixed in equivalent amounts that well-marked maxima exist, 
Moreover, in these cases the maxima occur at a very early stage of 
the reaction. In experiments where excess of acid was used, the 
iodine titre slowly approached a limiting value, and if it subsequently 
diminished at all it did so very slowly. In those cases where thio. 
sulphate and acid were mixed in equivalent amounts, the acidity 
of the mixed solution at the commencement may be considered as 
being due entirely to thiosulphuric acid, which is a strong acid. As 
decomposition proceeds, according to reactions (VIII) and (IX), 
supplemented by reactions (IIb) and (Ib), a considerable decrease of 
acidity occurs. Because of this diminution in the acidity of the 
solution, reaction (IX) tends to increase relatively to reaction (VIII) 
as the decomposition proceeds, and this could account for the experi- 
mentally observed maximum iodine titre, for not only does reaction 
(IX) itself cause no increase in the original titre, but, in consequence 
of reactions (IIb) and (Ib), it will lead to the destruction of some of 
the accumulated sulphurous acid and so cause a decrease in the 
iodine titre. 

Even in very weakly acid solutions, reactions (IIb) and (Ib) in 
conjunction seem to occur with great rapidity owing to the consider- 
able decrease in acidity which they produce, and in all but the 
weakest and least acid solutions we may safely assume that none 
of the iodine reduction is due to either hydrogen sulphide or sulph- 
oxylic acid. It is because of the rapidity of these reactions that 
hydrogen sulphide cannot be detected by means of lead salts (Holle- 
man, loc. cit.) or even silver salts in acidified thiosulphate solutions, 
but it can, in favourable circumstances (Expt. H), be detected in 
the vapours given off from such solutions on boiling, owing to the 
fact that hydrogen sulphide and sulphur dioxide can coexist in 
presence of water vapour and need liquid water for interaction to 
occur (Matthews, loc. cit.). 

It will be found that the combination of reactions (VIII) and (IX) 
with (IIb) and (Ib) * just sufficient to remove all the hydrogen sulphide 
formed by reaction (IX) yields the summation equation 


10H,S,0, —> 4H,S,0, + 48, -+ 6H,0, 


8 mols. of thiosulphuric acid having decomposed according to 
reaction (IX), and 2 mols. according to reaction (VIII). Now it 18 
clear that, for any increase at all to occur in the iodine titre of the 


* Bearing in mind that H,S,O, is formed from 2H,SO, by loss of water, 
whilst HO-SO°S:OH yields 28(OH), by addition of water, 
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decomposing thiosulphate solution, an additional 10 mols., at least, 
of thiosulphuric acid must decompose according to reaction (VIII) 
in the early stages of the decomposition. The 20 mols. of thio- 
sulphuric acid would require 20 atoms of iodine for oxidation to 
tetrathionate. If, however, 10 decomposed as in the above 
equation, the products would not react with iodine, but the 
10 mols. of sulphurous acid formed by the remaining 10 mols. of 
thiosulphuric acid would require 20 atoms of iodine for oxidation 
to sulphate. It would appear that in all the cases we have studied, 
more than 50% of the decomposition took place in accordance with 
reaction (VIII), and usually a much larger proportion. 

It is evident that if the sulphoxylic acid formed by reaction (IIb) 
did persist at all, it would have a large effect on the iodine titre, since 
1 mol. of sulphoxylic acid requires 4 atoms of iodine to oxidise it to 
sulphuric acid. It would be possible for a maximum in the iodine 
titre to arise, quite apart from any change in the relative propor- 
tions in which reactions (VIII) and (IX) took place, from an accumul- 
ation of sulphoxylic acid in the early stages of the decomposition of 
thiosulphuric acid, followed by its destruction by interaction with 
hydrogen sulphide at a later stage. This is unlikely to occur 
except in dilute and weakly acid solutions, but we have satisfied 
ourselves that even in solution (c) (see Table V) no sulphoxylic acid 
can be detected. This solution was found to behave exactly like 
thiosulphate towards methylene-blue (see p. 1435), whilst with 
ammoniacal silver nitrate it gave no metallic silver, as would sul- 
phoxylic acid, but after many hours’ standing it gave an amount of 
silver sulphide which more or less corresponded to the thiosulphate 
left undecomposed at the moment of adding the ammoniacal silver 
nitrate. 

During the early stages of the decomposition of thiosulphuric 
acid, a certain proportion of tetra- and penta-thionic acids will have 
been formed in many cases owing to reactions (XIVa) and (X Va)— 
and perhaps (XIIa) and (XIIIa). Towards the end of the decom- 
position, the higher polythionates will have become less stable owing 
tothe general decrease of acidity (see p. 1448), and reactions (XIVb) 
and (XVb) will tend to take place. Decomposition of the thio- 
sulphuric acid so produced would occur in accordance with reaction 
([X), whilst the hydrogen sulphide formed would cause further 
destruction of sulphurous acid. It is probable that some of the very 
slow decrease in the iodine titre at the end of the decomposition is 
to be accounted for in this way. 

Moreover, from the fact that more sulphate was formed in the 
latest stages of the (b) experiment (see Table V) than corresponds to 
the iodine titration, it would seem that slow hydrolysis of trithionate 
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under the influence of sulphurous acid sets in after an hour or 
less. 

It is evident from the preceding discussion that, in those cases 
where a well-marked maximum occurs, decomposition of the thio- 
sulphate will probably not be complete when this maximum is 
reached. The amount of thiosulphate still undecomposed is readily 
obtained by determining the sulphate present after the iodine 
titration, assuming that sulphurous and thiosulphuric acids had been 
the only substances present which reacted with iodine. This 
determination was made in a number of cases, the titrated solution 
being heated just to boiling immediately before adding the barium 
chloride. No appreciable hydrolysis of polythionates occurs under 
these conditions. The amounts of thiosulphate decomposed at 
earlicr stages [xv in the fourth columns of Table V, (a), (), and (c)| 
were calculated from the values so found for the maxima, on the 
assumption that they were proportional to the iodine titre. Using 
these figures, the bimolecular velocity coefficients were calculated 
and surprisingly good values were obtained. 

In the case of experiments (a) and (b), the sulphate estimation 
was made in each case after the iodine titration. The tables show 
that the rate of decomposition of thiosulphate, under the conditions 
of these experiments, increases very rapidly with increase in con- 
centration of thiosulphate. In the very early stages of the decom- 
position the amount transformed in a given time is roughly pro- 
portional to the square of the thiosulphate concentrations, whilst 
the time taken to complete a certain fraction of the decomposition 
is, to a rough approximation, inversely proportional to the initial 
concentration of thiosulphate. 

In those experiments where excess of hydrochloric acid was used, 
the influence of thiosulphate concentration was of the character 
just stated for a considerable proportion of the reaction, but where 
acid and thiosulphate were used in equivalent amounts, the figures 
show that during most of the decomposition the weaker solutions 
were decomposing at a greater rate than would be expected from the 
concentration, and this becomes more obvious as the decomposition 
proceeds. 

It is probable that as reaction (IX) increases relatively to reaction 
(VIII) in the dilute, weakly acid solutions, the increased extent to 
which reactions (IIb) and (Ib) occur will have an appreciable 
accelerating effect on both reactions (VIII) and (IX), so that, as 4 
whole, the decomposition of thiosulphate proceeds at a relatively 
enhanced rate. 

When all the results summarised in Expt. N and discussed above 
are considered critically, they indicate that the decomposition of 
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thiosulphuric acid follows a bimolecular course over a considerable 
range. Some caution must, of course, be used in interpreting the 
results of reaction-velocity determinations with such complex 
systems as that under discussion. 

“It is admitted that the decomposition of thiosulphuric acid is a 
mixed reaction and due to two simultaneous primary changes 
(VIII) and (IX), but as, under the conditions studied, the change 
into sulphurous acid and sulphur represented 50—75%, of the whole 
decomposition, such good agreement with the bimolecular formula 
could scarcely be obtained unless this change were bimolecular. In 
fact, the results support the view that both primary reactions are 
bimolecular. Reaction (VIII) must therefore be represented by 
the equation 2H,S,0, = 2H,SO, +-8,. This seems to show that the 
sulphur unit concerned (we hesitate to call it a molecule) is S,, and 
may explain why hydrogen sulphide catalyses the reaction between 
sodium sulphite and solid sulphur. Since hydrogen sulphide can 
combine with 8, to form hydrogen trisulphide, whilst sodium sulphite 
can only combine with one atom of sulphur, 1 mol. of hydrogen 
sulphide could detach the S, unit from solid sulphur, whereas 2 mols. 
of sodium sulphite would have to co-operate. Since hydrogen 
disulphide also exists, the trisulphide could pass on its extra sulphur 
to sodium sulphite in two steps : 


{H,S, + Na,SO, — Na,S,0, + H,S, 
\H,S, + Na,SO, = Na,S,0, + H,S. 


It may be pointed out that our reaction (1) for the hydrolysis of 
sulphur suggests that sulphur acts as though composed of S, units. 


The loss | ion of the thiosulphates is very stable, having a 


very small tendency to drop the second sulphur atom and become 
10: | . In dilute solutions of thiosulphuric acid which do not 
contain another acid, this should still be true. It is probably not 
until the hydrogen ions become attached to the 8,0,” ion by 
covalencies instead of electrovalencies that rapid decomposition of 
thiosulphuric acid begins. This occurs the more readily the greater 
the thiosulphate and hydrogen-ion concentrations. Dilute acid 
solutions should therefore contain unaltered thiosulphuric acid and 
its ions for some time. Now one of the most marked characteristics 
of the §,0,” ion is that it can be readily oxidised to the 8,0,” ion. 
The great majority of oxidising agents which are not too violent 
actually oxidise thiosulphate to tetrathionate, but it is not commonly 
tealised what a powerful reducing agent thiosulphate is. Spring 
(Bull. Acad. roy. Belg., 1881, (iii), 1, 106; op. cit., Vol. II, p. 1109] 
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found that freshly acidified solutions of thiosulphate bleached 
indigo, and he attributed this to the presence of hydrosulphurous 
acid. There éan be little doubt, however, that the bleaching is due 
to thiosulphuric acid, for we find that under suitable conditions 
either weakly or strongly acidified solutions of thiosulphate can be 
titrated quantitatively to tetrathionate, either with indigo or, much 
more conveniently, with methylene-blue. The reaction is bimole. 
cular and is greatly accelerated by hydrogen ions. Litmus and 
methyl-orange are also reduced by the acidified thiosulphate 
solutions. 

Gil and Beato (Anal. Fis. Quim., 1924, 22, 84) found that if sodium 
thiosulphate was added to concentrated hydrochloric acid, pure 
sodium chloride was precipitated, whilst the separated solution 
remained perfectly clear, without any deposition of sulphur, for 
many hours. They concluded that thiosulphuric acid became more 
stable the greater the acidity of the solution. This view in its simple 
form is contrary both to experience and to the principle of le 
Chatelier. Were it true, then thiosulphate would become less stable 
in alkaline solution, which is not the case, whilst there can be no 
question that at low acidities thiosulphate decomposes the more 
quickly the greater the acidity. 

The non-appearance of sulphur does not show that no decom- 
position of thiosulphuric acid has occurred. Holleman (loc. cit.) 
showed that decomposition began as soon as thiosulphuric acid was 
liberated from its salts, even although no sulphur had separated. 
He considered that this was due to the sulphur liberated by reaction 
(VIII) remaining in colloidal solution, because an acidified thio- 
sulphate solution, if neutralised before the time when separation of 
sulphur occurred normally, still deposited sulphur. On repeating 
his experiments, we confirmed these results, but we did not observe 
this separation of sulphur on neutralisation in all circumstances if 
the thiosulphate solutions were much weaker than those used by 
Holleman (see p. 1433). 

When the time taken for the sulphur to become visible (compare 
Gaillard, Compt. rend., 1905, 140, 652; Oecettingen, Z. physikal. 
Chem., 1900, 33, 1) is noted for solutions of increasing acidity, it is 
found to pass through a minimum, and with very high acidities no 
sulphur separates until after many hours, as in Gil and Beato’s 
experiment. The minimum occurs in solutions which are approxil- 
ately N in hydrogen-ion concentration, no matter what the 
thiosulphate concentration, as is well shown in Fig. 1; phosphoric 
acid has a similar effect to hydrochloric acid when allowance is 
made for its much lower hydrogen-ion concentration (Expt. 0). — 

The delay in the separation of sulphur at high acidities is easily 
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explained on the basis of our theory of the decomposition of thio- 
sulphuric acid. It is not due to strong hydrochloric acid retarding 
the change HS,0,’—-> HSO,’ +S, as supposed by Foerster and Vogel 
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Times of appearance of sulphur in acidified thiosulphate solutions. 

All normalities to be multiplied by }% to obtain actual concentrations. 
(loc. cit., p. 183). Both reactions (VIII) and (IX) are accelerated by 
acid, the former more so than the latter, owing to the fact that the 
greater part of the sulphurous acid becomes sulphur dioxide. Re- 
action (VIII), when extended to include the formation of sulphur 
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dioxide, corresponds to a greater decrease of acidity than does 
reaction (IX), hence the preferential influence of hydrogen ions on 
(VIII). The experiments we have already quoted (Expt. N) bear 
out the correctness of this deduction. 

The simultaneous occurrence of reactions (VIII) and (IX) brings 
in reactions (IIb) and (Ib) which are also favoured by acid. Tetra. 
and penta-thionic acids are formed from trithionic acid either by 
direct addition of sulphur, 


H,8,0, +8 — H,S,0, (2H.S,0, + S, — 2H,S;0,). . (XIII) 
or by interaction with thiosulphuric acid, 
H,S8,0, + H,S,0, — H,8,0,-+ H,SO; . . . (XIV) 
H,S,0, + H,S,0, — H,8;0,-+ H,SO,; . . . (XV) 


and all these reactions are favoured by acidity (see p. 1448). The 
occurrence of these last four reactions represents, in the aggregate, 
a large decrease of hydrogen-ion concentration and so is greatly 
favoured by acidity. The more they occur the less the extent to 
which reaction (VIIIa) can occur, but this effect on the decom- 
position of thiosulphuric acid as a whole does not become apparent 
until a reasonable amount of trithionic acid has been formed by 
reaction (IX). 

That the effect is real is readily shown by acidifying under similar 
conditions pure thiosulphate or a mixture of thiosulphate with tr- 
or tetra-thionate. The mixtures take much longer than the pure 
thiosulphate to give a deposit of sulphur (Expt. P). 

We are inclined to think that reactions (XIV) and (XV) are much 
more important than reactions (XII) and (XIII) for building up the 
polythionates. We could obtain no certain proof that colloidal 
sulphur, prepared by Svedberg’s method (Z. Chem. Ind. Koll., 1909, 
4, 49), was absorbed at all by trithionic acid, but sulphur liberated 
in presence of trithionic acid, by the interaction of hydrogen sulphide 
and iodine, was readily taken up to form tetrathionate. No satis- 
factory conversion of tetrathionate into pentathionate could be 
obtained by this method (Expt. Q). A solution of sulphur in benzene 
seemed to have no action on either trithionate or tetrathionate. 

Increase in hydrogen-ion concentration thus tends, on the one 
hand, to diminish the time required for the separation of sulphur 
in so far as it accelerates reaction (VIIIa), but, on the other hand, it 
lengthens the time required by favouring all the opposing reactions 
mentioned above. In such circumstances, the occurrence of a 
minimum time of appearance of sulphur at a fairly definite acidity 
is only to be expected. 
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All the reactions occurring in the acidified thiosulphate proceed 
with a diminution of acidity. They gradually become slower as 
the limiting concentrations of the several polythionic acids charac- 
teristic of the prevailing hydrogen-ion concentration are approached 
(see p. 1448). Since the hydrogen-ion concentration gradually 
diminishes, the system is never fully stable—readjustments are 
continually necessary which ultimately lead to the decomposition 
of the polythionic acids with separation of sulphur. 

It is here appropriate to consider the marked influence of arsenious 
oxide in preventing separation of sulphur and promoting the 
formation of pentathionic acid from thiosulphate. This phenomenon 
was discovered by Salzer (Ber., 1886, 19, 1696) and has been applied 
by Raschig (Z. angew. Chem., 1920, 33, 260). It is known that 
sulphur oxidises arsenite to oxythioarsenate, and no doubt Salzer 
was right in thinking that the latter played an important part in 
the reaction. The oxythioarsenate would act in two ways. (1) 
Owing to its ready formation, it would prevent separation of sulphur 
from thiosulphuric acid by reaction (VIII). This would probably 
be due to the direct reaction H,S,0, + H,AsO, — H,SO, + H,As0O,8 
(assuming that H,AsO,S is the only oxythioarsenate involved). 
The oxythioarsenate would yield its sulphur to trithionic acid, formed 
in the normal way by reaction (IX), to give tetra- and penta-thionic 
acids in two stages: H,S,0, + H,AsO,S — H,8,0, + H;As0,, 
H,S,0, + H,AsO,8 — H,S,O, + H,AsO,. (2) It could also take 
up any sulphur found by reactions (I]) and (1) and pass it on as above : 
HAsO, + S — H,As0.S (or 2H,AsO, + 8S, — 2H,As0,S8). 

Under favourable conditions, complete conversion of thiosulphate 
into pentathionate is theoretically possible with the help of small 
quantities of arsenious oxide, and very good yields are actually 
obtainable. It will be observed that the arsenious acid is really a 
vehicle for the- handing on of sulphur to trithionic acid just as is 
sulphurous acid, the oxythioarsenic acid playing the same réle in 
the one case as thiosulphuric acid in the other. There is also a 
superficial resemblance between the action of arsenious acid and of 
strong hydrochloric acid in preventing separation of sulphur. The 
reasons for the two actions are different, however, although both 
depend on the introduction or acceleration of reactions which use 
up sulphur more quickly than it is produced by reaction (VIII). 

If dilute thiosulphate solutions are treated with less acid than 
corresponds to the minima in the curves of Fig. 1 and then quickly 
neutralised before sulphur becomes visible, separation of sulphur 
may be entirely prevented if the addition of alkali has been made an 
appreciable time before precipitation would normally occur. If, 


however, the alkali is added very shortly before separation of sulphur 
3c 
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would occur normally, its addition causes immediate separation of 
sulphur, and in such cases either alkali or lanthanum nitrate will 
produce a precipitate. Solutions to the right of the minima still give 
the reactions for colloidal sulphur with separation of sulphur on 
addition of alkali or lanthanum nitrate, but we believe that they also 
contain pentathionate (although this is difficult to prove), the pro. 
portion of pentathionate increasing with acidity and time and that 
of colloidal sulphur diminishing (Expt. R). 

It is not possible to apply the neutralisation test to the very acidic 
mixtures, for if the whole amount of concentrated alkali needed for 
neutralisation is added suddenly, the heat liberated causes complic- 
ations, whilst if neutralisation is effected slowly, one passes into the 
less acid regions, where sulphur separates rapidly. Neutralisation 
of such solutions is therefore incapable of throwing light on the 
conditions prevailing therein at the stage prior to separation of 
sulphur. 

Reaction (X).—In the very acid solutions, not only is reaction 
(VIII) delayed, but so also is the formation of pentathionate, and in 
fact thiosulphuric acid seems to have become more stable, as Gil 
and Beato suggested. The peculiar facts can be satisfactorily 
accounted for in terms of a reaction 


2H,S,0, = H,O+H,8,0,. . . . . (%) 


It is obvious that such a reaction is theoretically possible, and it 
is to be noted that it would be extremely effective as a means of 
removing hydrogen ions. It is reasonable, therefore, to suppose 
that it may occur in very acid solution, but it may well occur to 
some extent under much less acid conditions, although in such 
circumstances the active mass of water will usually be so great that 
it could not proceed very far. It may be noted in this connexion 
that we have found that a strong zine chloride solution will greatly 
delay the separation of sulphur from acidified thiosulphate. In one 
experiment, sulphur appeared after 6 minutes when zinc chloride 
was used, but after 35 seconds when the zinc chloride solution was 
replaced by an equal volume of water. The effect of zinc chloride 
is thus quite marked, but, as it only depends on a dehydrating 
action, it is naturally much less than the effect produced by strong 
hydrochloric acid, which depends on a hydrogen-ion action as well. 
There is no reason why H,S,0, should not be much more stable 
towards loss of sulphur or of hydrogen sulphide than is the simple 
thiosulphuric acid—in fact we think it likely that it would be. As 
regards the direct loss of sulphur, it might be argued that, if we are 
right in supposing that in the case of thiosulphuric acid this occurs 
in such a way as to eliminate an S, unit: 2H,S,0, — 2H,SO; + 8, 
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then it should occur still more readily from H,S,0,, where the 
thiosulphate molecules have already been brought together. But 
when the known weakness of the second-stage ionisation of sulphur- 
ous acid is considered in conjunction with the known tendency for 
sulphur to become co-ordinated with four atoms or groups, there 
are good reasons for thinking that the direct loss of sulphur by 
thiosulphuric acid is largely due to the fact that a hydrogen atom is 
able to take the place of the escaping sulphur atom. 

If this is correct, the decomposition of thiosulphuric acid accord- 
ing to reaction (VIII) is to be regarded as giving rise to sulphur and 
sulphonic acid, not sulphurous acid : 

2H, 98s | = 2H[o8q| +S: 
This would be another reason for the great stability of the alkali- 
metal thiosulphates in neutral or alkaline solution, for the alkali- 
metal atoms cannot become co-ordinated in the same way as a 
hydrogen atom—their valencies are always electrovalencies. 

In view of the fact that H,S,O;, pyrosulphurous acid, is a strong 
acid, there would not be the same possibility of hydrogen taking the 
place of sulphur in the manner just indicated were H,8,0, to shed 
an S, unit. H,S,0; may therefore be expected to be very stable 
towards direct loss of sulphur, but in other directions it would react 
very much like thiosulphuric acid. This appears to be the case in 
its behaviour towards oxidising agents. Thiosulphate solutions 
which have been treated with a large excess of concentrated hydro- 
chloric acid (Gil and Beato’s solution) still reduce iodine. Titration 
with iodine at known intervals of time, in conjunction with subse- 
quent determination of the sulphate present in the oxidised solution, 
has shown that thiosulphate (actually H,S,0,;, according to us) 
persists for a surprising length of time—much longer than in the 
case of less strongly acidified solutions (compare Expt. N). Even 
after 2 hours nearly 30% remained undecomposed (Expt. 8). 

The strongly acid thiosulphate solutions also exert a strong 
bleaching action on indigo, methylene-blue, litmus, and methy]l- 
orange, and we find that they can be titrated smoothly and rapidly 
with methylene-blue (indigo can be used, but is not so satisfactory, 
as it reacts more slowly). 

The amount of methylene-blue which is bleached is in close 
agreement with that required by the reaction 

C,H, .N,SCl + H,S,0,; + H,O = C,,H,,N,S + H,S,0, + HCl, 


(methylene-blue) (leuco-methylene-blue) 
or more probably (see Expt. T) 
CigH, sN3SCl + 8,0,” + H,O = C,gH,N,S,HCl + 8,0,”. 
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The rate at which the methylene-blue is bleached is very greatly 
increased by rise of temperature. The strongly acidic bleached 
solutions are comparatively stable towards atmospheric oxidation, 
but the blue colour is at once restored by a drop or two of strong 
nitric acid, by hydrogen peroxide, or even by silver nitrate or silver 
acetate. This behaviour towards silver has prevented us from 
carrying out any direct estimation of the tetrathionate formed in 
the reaction between thiosulphate and methylene-blue. We have, 
however, isolated the /ewco-methylene-blue formed in the reaction 
(Expt. T). 

The only alternative explanation of the quantitative relationships 
between methylene-blue and thiosulphate found experimentally 
would seem to be that a colourless addition compound is formed 
between one molecule of methylene-blue and one of H,S,0, (or 
two molecules of H,S,0,). Such an explanation appears to be com- 
pletely ruled out by the fact that the bleached solutions remain 
colourless under the following treatments: (1) Dilution with air- 
free water; (2) boiling in absence of air; (3) cautious treatment with 
hydrogen sulphide or sulphur dioxide, which react with and destroy 
thiosulphate; (4) addition of formaldehyde, which forms trithio- 
formaldehyde with thiosulphuric acid; or (5) long boiling with 
5N-hydrochloric acid in absence of air—a complex containing 
thiosulphurie acid could scarcely remain undecomposed by such 
treatment. Lastly, it may be mentioned that the action of 
methylene-blue in preventing the separation of sulphur, which is 
dealt with in the next paragraph, would be difficult to account for 
on any other basis than tetrathionate formation. 

Even in comparatively weakly acid solutions (of N-hydrogen-ion 
concentration, or even less) thiosulphate can be titrated with 
methylene-blue, apparently with the same end results as in vely 
acid solutions. If the methylene-blue is added as fast as it is 
decolorised, no separation of sulphur occurs. This is owing t0 
conversion of tetrathionate into pentathionate according to re- 
action (XVa) (compare Expt. P); but as thiosulphate is oxidised to 
tetrathionate, more is formed from pentathionate by reaction (XV)). 
As a consequence of this, almost complete conversion of thiosulphate 
into tetrathionate by methylene-blue is possible if sufficient time is 
taken and sulphur dioxide is not allowed to escape. Whether, 
such weakly acid solutions, the reaction involves H,S,0, must 
remain undecided. It may occur in two steps, first the form- 
ation of an addition compound H,S,0,-methylene-blue, and then 
the interaction of this with a second molecule of thiosulphunc 
acid. 

It is very probable that the reaction between thiosulphate and 
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iodine is of this character and actually bimolecular. It is generally 
represented as being termolecular : 


2Na,8,0; + 1,—> Na,S,0, + 2HI (or 28,0," + I,—> 8,0,” + 21’). 


In view of the rapidity with which it occurs, it cannot really be 
termolecular, but it could well occur in two stages, the first involving 
formation of Na,S,0,,I, or 8,0;,I,’’, and the second the reaction 
of this compound with a second thiosulphate molecule or ion. The 
iodine and methylene-blue would probably become attached to the 
outer sulphur atom of the 8,0, group, just as sulphur dioxide does in 
the yellow compounds, Rb,S,0,,SO,, etc. 

Some determinations of the time required to bleach a constant 
amount of methylene-blue with varying concentrations of sodium 
thiosulphate, taken in excess, and of hydrochloric acid are in agree- 
ment with what we consider to be the mechanism of the reduction 
(Expt. U). 

It is likely that the H,S,0O; (or 8,0,") which acts on the 
methylene-blue results from the two reactions 2H* + 28,0,” = 
2HS,0,’ and 2HS,0,’ — §,0,’’ + H,O, which are equivalent to 
2H’ + 28,0,” —8,0,"+H,O. The rate of bleaching of methylene- 
blue, dx/dt, would then be given by the expression dx/dt = k’ 
{methylene-blue] [S,0,’’] = & [methylene-blue] [S,0,”}*[H"}. 

In other words, the rate of bleaching should be proportional to 
the square of the 8,0,”’ ion concentration, which, in dilute solutions, 
would be approximately equal to the thiosulphate concentration. 
If, then, in the solution under investigation, very little of the total 
thiosulphate was in the form of 8,0,’’, we should expect to find the 
tate of bleaching proportional to the square of the total thiosulphate 
concentration and also to the square of the hydrogen-ion concen- 
tration; but if practically all the thiosulphate were present as 
H,S,0,; (or S,0,”), this would no longer be true, and the rate of 
bleaching would be directly proportional to the first power of the 
thiosulphate concentration (since the H,S,0, concentration would 
be simply half of this), and practically independent of the hydrogen- 
ion concentration. Intermediate results between these two ex- 
tremes would correspond to the case where some thiosulphate was 
present as such and some as H,S,0,. 

From the results of Expt. U (Table VII), it is seen that, in the 
solutions of lowest acidity and lowest thiosulphate concentration, 
the times taken to bleach the constant amount of methylene-blue 
become closely proportional to the square of the (total) thiosulphate 
concentration. With the higher concentrations both of acid and 
of thiosulphate, the times of bleaching are intermediate between 
those required by a first-power and by a second-power effect of the 
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thiosulphate. In all solutions less than 2-3N with respect to 
hydrogen chloride, the rate of bleaching is approximately proportional 
to the total acid concentration, and therefore, in all probability, 
to the hydrogen-ion concentration. 4:75N-Acid has no more 
effect than 2-3, i.e., above 2:3N the reaction seems to become 
independent of hydrogen-ion concentration. 9-5N-Acid is found 
actually to delay the bleaching as compared with acid of half its 
strength. This effect has probably nothing to do with hydrogen 
ions, but may well depend upon such factors as increased viscosity. 
Rough measurements of the viscosities of 10N- and 5N-hydrochloric 
acid show that these are in the ratio of 1-46, whereas the correspond- 
ing ratio for 5N- and N-acid is 1-15, showing that a marked increase 
of viscosity occurs above 5N. That the acid acts according to 
approximately the first power of its concentration might be regarded 
as indicating an ordinary catalytic effect, but we prefer to consider 
that this is due to the fact that, in so far as thiosulphate is present 
as such, the bleaching reaction depends on the square of the 
acidity, but in so far as it is present as §,0,’’, the bleaching is 
independent of the acidity, where we have no means of measuring 
8,0,” and 8,0,” separately and have to express ourselves in terms 
of total thiosulphate. 

It must be pointed out that even in the least acidic mixtures the 
concentration of acid was about 50 times that of the thiosulphate. 
We consider that the close agreement between these experimental 
results and the deductions made above furnishes evidence in favour 
of the real existence of the compound H,§,0;, and it would seem 
that under the conditions of the experiments at least half the total 
thiosulphate was present as H,S,0;. 

In view of the fact that hydrogen sulphide reduces methylene- 
blue, one could explain the kinetic results obtained in the weaker 
and less acid solutions on the basis of such reduction, the hydrogen 
sulphide being derived from reaction (IX); for it will be found 
that the rate of reduction in this case would be given by the 
expression 


dx /dt = k’ [methylene-blue][H,S] = & [methylene-blue] [8,031 F 


which is of the same form as that obtained above. : 

To explain the kinetic results obtained in the stronger and more 
acid solutions on this basis, it would be necessary to assume that 
large proportion of hydrogen sulphide was present, which is cet- 
tainly not correct. Moreover, both theory and experiment (see 
p. 1425 and Expt. N) indicate that reaction (IX) tends to pre- 
dominate at low acidities, not high ones. It may be concluded, 
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therefore, that the reduction of methylene-blue by acidified thio- 
sulphate is not due to hydrogen sulphide. 

Since trithionic acid on hydrolysis can generate thiosulphate, as 
do also tetra- and penta-thionic acids, it is not surprising to find 
that in strongly acid solution trithionic acid slowly bleaches methyl- 
ene-blue. It is possible that in this case some of the reduction is 
due to sulphoxylic acid (see p. 1447). The bleaching of the dye 
took several hundred times longer than in the parallel case with 
thiosulphate. 

It should be noted that the observation that thiosulphuric acid 
can bleach indigo and methylene-blue greatly diminishes the value 
of such bleaching as a test for hydrosulphurous or sulphoxylic acid. 

It is also important to realise that sulphurous acid is not without 
action on methylene-blue (and indigo). The strongest solutions 
(2—3N) act upon the methylene-blue or indigo in a similar way to 
concentrated hydrochloric acid, and very quickly, removing the blue 
colour and leaving only a pale purple or brown colour. This action, 
which appears to be due to the formation of addition compounds 
of acid and dye, falls off rapidly with dilution of the acid, whether 
this be hydrochloric or sulphurous acid. Even with 10N-hydro- 
chloric acid it is only obvious when very little methylene-blue and 
an enormous excess of acid are used. In the case of sulphurous acid, 
it seems to be followed by a definite reducing action on the dye; 
this action is very slow, however, and is under investigation. We 
have satisfied ourselves that this action of strong hydrochloric acid 
or of sulphurous acid does not appreciably affect the results which 
we record in Expts. T and V. 

The formation of tetrathionate from thiosulphate by methylene- 
blue in strongly acid solution furnishes a strong argument against 
the view that thiosulphuric acid can yield sulphoxylic acid according 
to the equation H,S,0, -+- H,O — 2S(OH), (see pp. 1405—6). Since 
sulphoxylic acid would probably be a very weak acid (like hypo- 
chlorous acid), strongly acidic conditions would be just those likely 
to favour such a change, were it possible. Experiments with sodium 
formaldehydesulphoxylate showed that, at the ordinary temperature, 
it bleaches methylene-blue relatively slowly in strongly acid solution, 
with formation of sulphite only (Expt. V). Were the bleaching action 
of the strongly acid thiosulphate solutions due to sulphoxylic acid, 
four times as much methylene-blue should be reduced as is actually 
observed. 

It seems most probable that the acid H,S,0, is formed by the 
elimination of a molecule of water from two hydroxyl groups, not 
from one hydroxyl and one thiol group (which would probably give 
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off a molecule of hydrogen sulphide to yield one form of trithionic 
acid). In this case it is to be regarded as having the structure 


If, and when, either of the hydrogen ions ceases to be ionised, it 
can become attached by covalencies to either a sulphur or an oxygen | 
atom. Three tautomeric structures are thus possible for the non- 
ionised H,S,0, just as two are possible for non-ionised thiosulphuric 
acid. Systematically H,S,0,; might be called dithiopyrosulphuric 
acid, 


Action of Sulphurous Acid and Hydrogen Sulphide on Thiosulphate. 


Sulphurous acid and hydrogen sulphide are two acids which act 
upon thiosulphates in rather special ways, owing to their peculiar 
relationships to thiosulphuric acid and the polythionic acids. 

The action of sulphurous acid is to cause the decomposition of 
thiosulphuric acid to take place much more in accordance with 
equation (IX). This it does partly by preventing reaction (VIII), 
of which it is a product, partly by forming the relatively stable, 
yellow addition compound, H,S,0,,SO,, and partly by removing 
hydrogen sulphide by reacting with it in accordance with equations 
(IIb) and (Ib). The sulphur resulting from reactions (IIb) and (Ib) 
does not, under favourable conditions, separate as such, but regener- 
ates thiosulphate according to reaction (VIII). It is thus possible 
to get practically quantitative conversion of thiosulphate into 
trithionate, e.g., by acting upon a saturated solution of potassium 
thiosulphate with strong sulphurous acid solutions at 30° (Hertlein, 
Z. physikal. Chem., 1896, 19, 292). Under ideal conditions the 
reactions which occur could be summarised by an equation such as 
K,S8,0, + 480, + H,O = K,8,0, + H,S,0,. Action does not, of 
course, cease with the formation of trithionate. Continued action 
of sulphurous acid causes hydrolysis of trithionate, and ultimately 
sulphate and sulphur appear; tetra- and penta-thionate may be 
formed in the intermediate stages. 

An elaborate investigation of the action of sulphurous acid on 
thiosulphate has been made recently by Foerster and Vogel (loc. cit.). 

When hydrogen sulphide is passed into a solution of sodium 
thiosulphate, precipitation of sulphur occurs, slowly at the ordinary 
temperature, but more quickly on warming. This is due to decom- 
position of thiosulphuric acid displaced by the hydrogen sulphide 
and to the usual interaction of hydrogen sulphide and sulphurous 
acid (Reactions VIIIa, Ib, and Ib). On heating, the solution 
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becomes yellow, owing to the formation of polysulphide, and if the 
passage of hydrogen sulphide is discontinued, the whole of the 
precipitated sulphur ultimately dissolves. If the solution is boiled 
for a sufficient time, the yellow colour disappears, and the solution 
is then, as a rule, alkaline to phenolphthalein. If hydrogen sulphide 
is again passed in, more sulphur will be precipitated, and will dis- 
solve on heating, and all the above operations can be repeated 
indefinitely. 

During the boiling, all the reactions of decomposition which 
occurred during the passage of hydrogen sulphide are reversed with 
regeneration of|thiosulphate, but during this period there is a 
tendency for sodium sulphide and sulphite to produce some free 
alkali owing to Kydrolysis. 


The Wackenroder Reaction and the Genesis of the Polythionic Acids. 


If equation (II) is accepted as representing the way in which 
sulphoxylic acid changes into hydrogen sulphide and sulphurous 
acid, it follows with reasonable certainty that the first step in the 
interaction of hydrogen sulphide and sulphur dioxide in the Wacken- 
roder reaction is the converse of this change. The first step would 
thus give sulphoxylic acid and its pyro-derivative, which would 
then be hydrolysed to sulphoxylic acid. Interaction of the latter 
with hydrogen sulphide would give rise to sulphur (reaction I6). 
The freshly formed sulphur would be in a very suitable form to react 
with sulphurous acid to produce thiosulphuric acid (reaction VIII), 
which, as has been mentioned already, is relatively stable from the 
point of view of this reaction in dilute, feebly acid solutions. Tri- 
thionate will then be formed from thiosulphuric acid according 
toreaction (IX) (see p. 1417), whilst it is not impossible that some 
trithionate may be formed in two steps from sulphurous acid and 
sulphoxylic acid by a reversal of the reactions considered on p. 1447, 
as has, in fact, been suggested by Foerster and Vogel (Joc. cit.), who 
give a reaction SO + 2HSO,’—> 8,0,’ + H,O. We found that 
traces of polythionates were formed by shaking sulphurous acid 
with a solution of sulphur in benzene, whilst, by passing sulphur 
dioxide and sulphur vapour simultaneously into water, a solution 
032 with respect to sulphurous acid and about 0-01LN with respect 
toa mixture of tri- and tetra-thionic acids was obtained. 

In the latest paper on the subject (Z. anorg. Chem., 1926, 157, 80), 
F cerster and Centner definitely conclude that, in some cases at least, 
trithionate cannot result from degradation of pentathionate, but 
must be formed directly. They favour a reaction 8,0,” -- 4HSO,’ -++ 
2H’—» 28,0,’ +- 3H,O, which corresponds to that given by us on 
p. 1440, and which can only be a summation equation. 

3c2 
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If reaction (II) really is the first step in the Wackenroder reaction, 
all the peculiarities of the initial stages of the reaction which were 
noticed by Debus (J., 1888, 53, 336) and Riesenfeld and Feld 
(Z. anorg. Chem., 1921, 149, 225) can be accounted for just as readily 
as on the basis of the primary reaction H,SO, + HS — H,S0, + 
H,SO, proposed by Heinze (J. pr. Chem., 1919, 99, 109), or of the 
reaction H,S + 2H,SO, — 3{SO + H,O} suggested by Riesenfeld 
and Feld (loc. cit.), or that—H,S + H,SO,; — H,S,0, + H,0— 
put forward by Foerster and Hornig (loc. cit., p. 92). This matter 
has been considered by Foerster and Hornig (Joc. cit., pp. 87—90), 
and their explanation will suit our reaction as well as either of the 
above. 

Riesenfeld and Feld’s reaction is very similar to our reaction 
(IL), since their {SO + H,O} is really sulphoxylic acid, but a ter. 
molecular reaction is much less probable than a bimolecular one. 

No proof that sulphoxylic acid is a primary product of the 
Wackenroder reaction is available, but it is extremely probable that 
the bleaching of indigo by sulphurous acid solutions freshly treated 
with hydrogen sulphide is, in the main, due to sulphoxylic acid. 
This bleaching effect was first noted by Spring (Bull. Acad. roy. Bely., 
1878, 45, 605; op. cit., Vol. II, p. 1060), and we have confirmed it, 
but in view of the fact that thiosulphuric acid also bleaches indigo, 
methylene-blue, etc., such bleaching can only be regarded as a very 
uncertain test for either hydrosulphurous or sulphoxylic acid 
(see p. 1435). 

Whilst the primary reaction in the Wackenroder solution is being 
considered, it may be pointed out that, since dry hydrogen sulphide 
and sulphur dioxide do not react, it is unlikely that the one is 
oxidised directly by the other. Even in presence of water vapour 
the mixed gases seem to be stable and only to react on the surface 
of the containing vessel—presumably in the film of adsorbed 
moisture. We have also found that when hydrogen sulphide i 
passed into liquid sulphur dioxide no interaction occurs; this 
contrary to the statement of Quam (J. Amer. Chem. Soc., 1925, 47, 
103), but agrees with Matthews’s observations (loc. cit.). The 
mechanism we have suggested for the interaction of these two 
gases in presence of water cannot, of course, be applied to their 
interaction in presence of other dry liquids (Matthews, loc. cit.) 
Some complex other than pyrosulphurous acid must be involved 
in such cases, as suggested by Klein (J. Physical Chem., 1911, 15, I). 

Pentathionic acid has generally been regarded as the first thiomt¢ 
acid to appear, both in the case of the decomposition of thiosulphates 
by acids and in the Wackenroder reaction, tetra- and tri-thiom 
acids being subsequently formed from it by loss of sulphur. Debus 
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(loc. cit., pp. 339, 344) considered that in both these reactions the 
anhydride of pentathionic was formed by direct polymerisation of 
the anhydride of thiosulphuric acid: 58,0, = 28,0,, the necessary 
8,0, being given by the addition of nascent sulphur to sulphur 
dioxide. In the Wackenroder reaction, some tetrathionic acid was 
formed directly according to the scheme 3SO, + H,S = H,S,Og. 
In both reactions, he believed that tetra- and tri-thionic acids 
resulted from degradation of pentathionic acid. 

All recent workers on polythionates seem to follow Debus, 
although there are several variants of the condensation which is 
supposed to produce pentathionic acid. Raschig (‘‘ Schwefel- und 
Stickstoff-Studien,” 1924, pp. 273—304) assumes the polymerisation 
of §,0, to 84 90,9, which gives pentathionic acid via the hypo- 
thetical H,S,,0,5. Riesenfeld and Feld (Joc. cit., p. 252) assume that 
80 is first formed and gives 8,0, by polymerisation and thence 
pentathionic acid by hydration. Foerster and Hornig (loc. cit.) 
suggest an eleventh-order ionic variant of the above polymerisation, 
58,0,” +- 6H'"—>28,0,” + 3H,0, and this appears to be accepted 
by the most recent workers in this field, Kurtenacker and Kaufmann 
(loc. cit., p. 256). 

Arithmetically, such polymerisations as the above are simple 
enough, and this seems to be the chief argument which has led to the 
suggestion that pentathionic is the first-formed thionic acid. Kinetic- 
ally, the matter is very different, however, and the polymerisation 
could only occur in a series of steps. This difficulty has been 
tealised by Foerster and Vogel (loc. cit., p. 163), who now suggest 
that pentathionic acid is formed by a reaction SO + 2HS,0,’/—> 
8,0,” + H,0. 

We have found that the first thionic acid to appear during the 
decomposition of thiosulphate by acids is trithionic, although it is 
generally accompanied by some tetrathionic. It is true that 
pentathionic acid may appear after a very short time, especially 
under drastic conditions (see p. 1433). All the observations made 
in this section of our work make it almost certain that penta- 
thionic acid is the last to be formed, not the first, whilst the experi- 
ments and arguments brought forward up to this point are most 
in favour of the view that trithionic acid is the first to be formed 
(Expt. W). 

When hydrogen sulphide and sulphurous acid interact in dilute 
solution, we also find that trithionic acid is the first thionic acid 
to appear, and we think there can be no doubt that, in the Wacken- 
toder reaction also, tetra- and penta-thionic acids are built up from 
ttithionic acid (Expt. X). 
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The Structural Formule of the Polythionates and their 
Hydrolysis in Acid and in Alkaline Solution. 


Dithionic acid is not considered in this paper, as it is not formed 
under the conditions which give rise to the other thionic acids. The 
structure and mode of hydrolysis of trithionic acid have already been 
dealt with on pp. 1421, 1422. 

Tetrathionic Acid.—The formation of tetrathionates from thio- 
sulphates by oxidation leads naturally to the structure 

OH-SO,°S-S:SO,-0H 
for tetrathionic acid, whilst the ease with which one atom of sulphur 
is removed from tetrathionate by sulphite to yield trithionate and 
thiosulphate (Colefax, J., 1908, 93, 798) supports the structure 
OH-SO,"S(‘S)-SO,-OH. A study of the solid model suggests that 
the two formule are probably equally correct in the sense that the 
slight electronic adjustment needed for one form to pass into the 
other appears to offer no insuperable difficulty. 


S 
Pentathionic Acid.—For this acid the structure OH-SO,$-0,0H 

S 
seems definitely preferable to the alternative OH-SO,°S-S-S-S0,0H. 


The chief arguments in its favour are (i) its compactness and 
symmetry, (ii) 3 of the 5 sulphur atoms have a co-ordination number 
of four, (iii) 2 atoms of sulphur are readily removed by sulphite to 
yield trithionate. The thionic acid formule with all the sulphur 
atoms in one straight chain were originally suggested by Mendeléev 
(J. Russ. Phys. Chem. Soc., 1870, 2, 276; 1871, 3, 871), and they 
have been more or less accepted ever since, although it has been 
recognised that the evidence in support was slender. 

Formule for sodium tri-, tetra-, and penta-thionates have been 
proposed by Raschig (op. cit., p. 305), but there seems to be nothing 
in their favour and much against them. Martin and Metz (2. 
anorg. Chem., 1923, 127, 91) also have proposed formule for the 
polythionates. 

Many of the objections to the chain formule have been summarised 
by Vogel (J., 1925, 127, 2248), who suggested the structures 
OH-SO,:8(‘S)"SO,-OH and (OH-SO,),:S*S:S for tetra- and penta- 
thionic acids, respectively. With this formula for tetrathionic acid, 
tautomeric with the chain formula, we agree, but we consider that 
our formula for pentathionic acid is preferable to Vogel's, for the 
reasons given above. 

In our opinion, it is the tendency of the central sulphur atom 
trithionic acid to become co-ordinated with four other atoms 
all, which is the prime cause of the readiness with which tetra- and 
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penta-thionic acids are built up from trithionic. This building-up 
process comes more or less to an end with the symmetrical penta- 
thionate, and on these grounds the existence of hexathionic acid 
isimprobable. It is true that Debus (loc. cit., pp. 301—309) thought 
he had some evidence for hexathionates, but no later worker has 
prepared either hexathionic acid or hexathionates. Higher poly- 
thionates than pentathionate only seem likely if the two central 
sulphur atoms in the straight-chain form of tetrathionic acid can 
add on additional sulphur atoms in the same way as does the one 
central sulphur atom of trithionic acid. The building-up process 
in this case would come to an end with octathionic acid, 

SS 

OH-SO,S-S:S0,°OH, 

88 
with hexa- and hepta-thionic acids as intermediate stages. We 
have some experiments in progress which seem to suggest that this 
is actually possible. 

The reactions of the polythionates are essentially reactions of 
hydrolysis and decomposition, and the formule proposed above 
offer a satisfactory explanation of all the facts observed. The 
hydrolysis of tri-, tetra-, and penta-thionic acids has been the subject 
of careful investigations by Foerster and Hornig (loc. cit., p. 86) and 
by Kurtenacker and Kaufmann (loc. cit., pp. 43, 369). Some of the 
difficulties which arise in connexion with the hydrolysis of trithionic 
acid have been dealt with on pp. 1421, 1422. 

The nature of this hydrolysis is of importance in relation to that 
of tetra- and penta-thionic acids, for trithionic acid is invariably 
formed when they are hydrolysed. This seems to occur either by 
direct decomposition according to the reactions (XIIb) and (XITIb), 
and perhaps H,S,O, — H,S,0, + 8,, or else by the intervention 
of sulphurous and thiosulphuric acids, which are products of the 
hydrolysis of trithionic acid, in accordance with the reactions 
(XIV), (XV), and (VIII). 

In view of what has been stated on p. 1428 in connexion with 
reaction (VIII), it is very probable that the decomposition of 
penta- and tetra-thionic acids in accordance with reactions (XII) 
and (XIII) really follows a bimolecular course, and that the 
equations should therefore be doubled so as to indicate the formation 
of§, units. 

The final products of acid hydrolysis of tri-, tetra-, or penta- 
thionic acid are sulphuric acid, sulphur dioxide, and sulphur, a 
‘mall quantity of hydrogen sulphide being formed in the inter- 
mediate stages. Kessler (Joc. cit.) alludes to this formation of 
hydrogen sulphide, and we have noticed that it is always produced. 
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Under strongly alkaline conditions, the final result of hydrolysis 
can be represented by the equations 


2H,S,0, + 3H,O = H,S,0,-+4H,SO, . . . (a) 
2H,S,0, -+ 3H,0 = 3H,S,0, + 2H,SO,. . . (6) 
2H,S,0, + 3H,O = 5H,S,0,. .... .- 


(Kurtenacker and Kaufmann, loc. cit., p. 369), but in the case of 
tetra- and penta-thionates, the tri- and tetra-thionates are formed to 
some extent as intermediate steps, and in absence of sufficient 
hydroxyl-ion concentration some hydrolysis of trithionate in the 
manner characteristic of acid conditions occurs, with consequent 
formation of sulphate (see p. 1422). 

In considering the above results, we wish to stress two important 
governing factors: (i) Tri-, tetra-, and penta-thionic acids are all 
of the nature of pyro- or anhydro-acids, and so would be expected 
to break up in alkaline solution or on dilution, and to be relatively 
more stable the more acid the solution. Complications are intro- 
duced by the instability of the products of hydrolysis, thiosulphuric 
and sulphurous acids, but the general correctness of these deductions 
is illustrated by the great difficulty in preparing pentathionates, 
owing to the readiness with which they decompose, although in 
strongly acid solution, pentathionic acid is the most stable of the 
three acids. (ii) The tendency for a sulphur atom to become co- 
ordinated with four other atoms is the second governing factor. 

Equations (a), (b), and (c) above are only to be regarded as 
summation equations, but if we consider them for a moment as 
representing directly reversible reactions, and bearing in mind that 
thiosulphuric and tri-, tetra-, and penta-thionic acids are all strong 
acids, whilst sulphurous acid is much weaker, we see that the form- 
ation of pentathionic acid according to equation (c) would correspond 
to a much greater decrease of acidity than would the formation of 
either tri- or tetra-thionic acid according to equation (a) or (0). 
This is probably a main reason for the greater stability of penta- 
thionic acid in acid solution, and its great instability under alkaline 
conditions. 

In discussing the relative stability of compounds, it is most 
important to realise that this cannot be done in general terms, but 
only with reference to specified conditions—a matter which is 
frequently overlooked. Vogel’s general statement (loc. cit.) that the 
relative stabilities of the polythionic acids should decrease in the 
order di-, tri-, tetra-, and penta- has no meaning, nor has Foerster 
and Centner’s statement (Joc. cit., p. 56) that pentathionate is much 
less stable than tetrathionate. 
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The hydrolysis of the unsymmetrical form of trithionic acid has 
been dealt with on p. 1421, but the mechanism of the hydrolysis of 
the symmetrical form, which finally yields sulphite and thiosulphate, 
has not been considered. Since no sulphate is formed, it seems clear 
that in the first step the hydroxyl group becomes attached to the 
central sulphur atom, and not to a terminal one, yielding a molecule 
of sulphonic acid and an unstable intermediate compound which is 
to be regarded as thiopermonosulphuric acid : 


OH-SO,'S-SO,-OH 
HiOH 


Further hydrolysis of the thiopermonosulphuric acid yields sul- 
phoxylic acid and another molecule of sulphonic acid : OH-S‘SO,°OH +- 
H,O —> S(OH), + H:SO,H. The sulphoxylic acid is then oxidised 
to sulphurous acid by another molecule of thiopermonosulphuric 
acid which is itself reduced to thiosulphate : S(OH), +- OH*S:SO,°OH 
—> H,SO, + H,S,0,. The final result of the hydrolysis in alkaline 
solution is represented by equation (a) on p. 1446. 

If this picture of the mechanism of the hydrolysis is correct, it 
should be possible to produce trithionate from sulphoxylic and 
sulphurous (sulphonic) acids. We attempted such a synthesis by 
boiling a solution of sodium formaldehydesulphoxylate (1 mol.) and 
sodium pyrosulphite (14 mols.), but were unable to obtain any 
definite or conclusive results. 

The hydrolysis of tetra- and penta-thionic acids is explicable 
along similar lines. The fact that pentathionate on treatment with 
sodium carbonate loses one atom of sulphur to form tetrathionate 
(Raschig, op. cit., pp. 273—304), not two to form trithionate, 
suggests that in alkaline solution tetrathionate has the straight-chain 
structure, although it would seem to pass readily into the other 
form, OH-SO,:S(*S)*SO,:OH, since sulphite converts it into tri- 
thionate. Hydrolysis of the straight-chain form would yield 1 mol. 
of thiosulphate and 1 mol. of thiopermonosulphuric acid, which 
would then give rise to thiosulphate and sulphite, as already 
indicated. Complete alkaline hydrolysis of tetrathionate would 
thus take place in accordance with equation (b) on p. 1446. 

In the case of pentathionic acid, the sulphur atom dropped in the 
very first step of all (equation XIII) suffices to convert a molecule 
of sulphite into thiosulphate, so that in this case complete alkaline 
hydrolysis yields nothing but thiosulphate [equation (c), p. 1446]. 

Acid hydrolysis of pentathionic acid may be expected to follow a 
different course. If the hydroxyl group becomes attached to the 
central sulphur atom, as in the case of trithionic acid, the first step 
would yield an intermediate product which can be regarded as 


—> H-SO,H + OH-S:S0,-0H 
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dithiodithionic acid. This would, no doubt, be very unstable and 
might be expected to break up into sulphur and thiopermono. 


OH:S0,S(‘S,):SO,-OH —> H-S0,-OH + OH-S(S8,)-SO,-0H 


sulphonic acid _dithiodithionic acid 


sulphuric acid, which would then react further as indicated on p. 1447. 
It is possible that an intermediate compound OH-S(°S)-SO,-0H 
might similarly be formed by acid hydrolysis of the unsymmetrical 
form of tetrathionic acid, OH-SO,°S(-S)-SO,°OH. 

The influence of hydrogen-ion concentration on the relative 
stability of tri-, tetra-, and penta-thionic acids is not easy to forecast 
in any detailed manner. Reactions (XII) and (XIII) will only be 
dependent upon hydrogen-ion concentration in so far as the 
relative strengths of the three acids differ. Precise information on 
the strengths of these acids is lacking, although we know that they 
are all strong acids. 

The strength might be expected to diminish in the order penta., 
tetra-, tri-, in view of the fact that the content of ‘ negative” 
sulphur diminishes in this order. If this is correct, decrease of 
acidity should tend to favour reactions (XIIa) and (XIIIa). The 
accepted statements (Debus, Raschig, locc. cit.) that alkali causes 
the formation of tetrathionate and sulphur from pentathionate, 
however, contradict this. It follows therefore that, either penta- 
thionic acid is the weakest of the three acids, which is possible, or 
else that its decomposition into tetrathionic acid and sulphur is 
only apparent—that is to say, reaction (XIIIb) does not occur 
directly at all, but only as the final result of a more or less com- 
plex series of changes [e.g., slight hydrolysis in conjunction with 
reactions (XVb) and (VIIIa)], some part of which is definitely 
favoured by decrease of acidity. In any case it is certain that the 
proportions of tri-, tetra-, and penta-thionic acids which can exist 
in a solution depend, among other things, upon the hydrogen- 
ion concentration, increase and decrease of which favour the 
formation of penta- and tri-thionic acid, respectively. The effect 
of change of acidity is so great that the separation of sulphur on 
addition of alkali is almost as delicate a test for pentathionate as 
is the ammoniacal silver nitrate test. 


EXPERIMENTAL, 


Expt. A. (Theory, p. 1403.)—Solutions containing known amounts 
of sodium formaldehydesulphoxylate, sodium hydroxide, and lead 
acetate were heated to boiling for a short time and allowed to cool. 
The mixture of lead sulphide and metallic lead was filtered off and 
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washed, finally with alcohol, dried as quickly as possible at 100°, 
and weighed. It was then converted into lead sulphate and weighed 
again. The following results were obtained in three experiments : 


Sodium formaldehydesulphoxylate (g.) 
N/2-Lead acetate (c.c.) 

2N-Sodium hydroxide (c.c.) 

Molecular ratio, Pb/PbS, in precipitate 


Sufficient water was added in the second and third experiments to 
make the total volume the same as that of the mixture used in the 
first experiment. The sodium formaldehydesulphoxylate used in 
this and following experiments had the composition NaCl, 10; 
Na,SO,,10H,O, 6-1; Na ,CO,,10H,O, 21-1; CH,O,SNa, 62-8%. 
Chloride, sulphate, sulphoxylate, and total sodium were estimated, 
and carbonate (proved qualitatively) was calculated. The sul- 
phoxylate was determined by the methods of Helwig (Amer. Dyestuff 
Reporter, 1920, 7, ii, 12) and Hollingsworth Smith (J. Amer. Chem. 
Soc., 1921, 43, 1307), which gave the same results. 

Expt. B. (Theory, p. 1405.)—A bright silver coin (92-5°%% Ag) was 
digested for 1 hour with sulphur, 1 c.c. of 0-3 -potassium dichromate, 
1 c.c. of 2N-phosphoric acid, and about 20 c.c. of water. Very 
little sulphide attached itself to the coin; most remained mixed with 
the sulphur. 


Loss of weight of coin = 0-0079 g. 


Ag,S produced = 0-0078 el praevia chaaas. 


Sulphate formed, as BaSO, = 0-0063 g.) ap a = Fst. 


Expt. C. (Theory, p. 1405.)—10 C.c. of a solution containing 0-2 g. 
of the sodium formaldehydesulphoxylate (= 0-1256 g. pure sul- 
phoxylate) were mixed with 10 c.c. of 2N-sodium hydroxide, 5 c.c. 
of 0-5N-lead acetate, and 5 c.c. of 2N-barium chloride. After 
simmering for } hour in an atmosphere of purified coal gas, the 
mixture of lead sulphide, metallic lead, and barium sulphate was 
filtered off. The lead and lead sulphide were extracted with warm 
dilute hydrochloric acid, and the barium sulphate was weighed ; 
00146 g. was obtained, of which 0-0088 g. was due to sulphate 
present in the sulphoxylate used. Decomposition of sulphoxylate 
in accordance with a reaction 2H,SO,—> H,S + H,SO, would 
yield 0-1242 g. of barium sulphate; 0-0058 g. is only 4-6% of this, 
and no importance can be attached to it. 

Expt. D. (Theory, pp. 1403, 1405.)—(I) 20 C.c. of 1-25N-hydro- 
chloric acid containing 0-315 g. of pure sulphoxylate were digested 
for 80 mins. in a small flask connected to two wash-bottles containing 
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N/10-iodine and a third containing N/40-thiosulphate. A slow 
current of purified coal gas passed through the apparatus. The 
iodine reduced was 82% of that required by a reaction 2H,SO,—> 
S + H,SO, + H,0, which is a combination of reactions (I) and (II). 
After the precipitated sulphur had been filtered off, any sulphate 
formed during the decomposition was precipitated and weighed as 
barium sulphate; only 0-0163 g. was obtained, and as 0-022 g. was 
to be expected from the sulphate present in the sulphoxylate used, 
it is clear that no sulphate had been formed during the hydrolysis. 
The filtrate from the barium sulphate gave a reaction for penta- 
thionate, and the formation of this and other thionic acids would 
account for only 82° of the calculated amount of sulphurous acid 
being obtained. The weight of sulphur precipitated in this experi- 
ment was difficult to estimate exactly owing to the presence of some 
trithioformaldehyde, but it also corresponded to about 82% of that 
demanded by the above equation. Another experiment, similar to 
the above, in which some lead acetate was added to the reacting 
solution gave practically identical results. No metallic lead or lead 
sulphide was precipitated and 0-0185 g. of barium sulphate was 
obtained. 

(II) 10 C.c. of sulphoxylate solution (= 1 g. crude or 0-628 g. pure 
sulphoxylate), 20 c.c. of 1°% arsenious oxide solution, and 10 c.c. of 
concentrated hydrochloric acid were boiled in a current of purified 
coal gas until the arsenious sulphide had coagulated, and then for a 
further 15 mins. to drive out sulphur dioxide. The sulphide was 
filtered off and weighed. The filtrate after considerable dilution and 
treatment with barium nitrate gave a very small precipitate of 
barium sulphate on standing [Found: As,S,, 0-1444 g. Cale. 
(from the weight of sulphoxylate used on the basis of reaction IJ) : 
0-1447 g. Found: BaS0Q,, 0-0226 g. Calc. (for sulphate present 
in the sulphoxylate used) : 0-044 g.]. 

Expt.H. (Theory, p.1405.)—To amixture of 20c.c. of 1% arsenious 
oxide solution and 10 c.c. of concentrated hydrochloric acid were 
added 2 c.c. of 2N-thiosulphate. After the mixture had been boiled 
to expel sulphur dioxide, the precipitate, which consisted mainly of 
arsenious sulphide, was filtered off and weighed. Sulphate in the 
diluted filtrate was precipitated as barium sulphate (Found: As,§;, 
0-0654 g.; BaSQ,, 0-3908 g.). 

Expt. F. (Theory, p. 1408.)—100 C.c. of a solution containing 
1-2289 g. of sodium hydrosulphite (of 88-7% purity) and 0-3750 g. 
of sodium carbonate were left exposed to the air at room temper- 
ature, and the unoxidised hydrosulphite was determined at intervals 
by Hollingsworth Smith’s method (loc. cit.): k is the value of the 
expression 1/¢. log, a/(a — 2). 
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% Na,S,0, : % Na,S,0, 
present. kx 16. t (mins.). present. k x 104, 
. 80 54-9 60-0 
140 39-4 58-1 
260 16-5 64-8 


The rate of oxidation and the actual value of & will depend on the 
exact conditions of exposure, which were, however, approximately 
constant during the experiment. 

Expt. G. (Theory, p. 1414.)—Analyses are given in Table I of a 
number of old sulphurous acid solutions, none of which had deposited 
any visible sulphur. Sulphurous and sulphuric acids were deter- 
mined by iodine titration followed by estimation of total sulphate. 
Polythionic acids were estimated in a separate portion, from which 
sulphur dioxide had been expelled either by boiling or by means of 
an air current. 

The method we have used for analysing mixtures of polythionic 
acids depends on one of the tests given by Takamatzu and Smith 
(J., 1880, 37, 608), viz., the addition of silver nitrate to the neutral 
or acid solution. The general reaction may be expressed Ag,S,O,—> 
Ag.S + (x — 3)S + 280,, whence the molecular ratios of silver 
sulphide to free atomic sulphur precipitated are, for trithionate 
1:0, for tetrathionate 1:1, and for pentathionate 1:2. Since 
colloidal and precipitated sulphur react slowly with silver nitrate 
to form silver sulphide, a standard solution of silver nitrate should 
be used in only very slight excess. Decomposition of the silver 
polythionates is rapid at temperatures near 100°, so it is best to 
heat the solution nearly to this temperature before adding the silver 
nitrate. The silver sulphide-sulphur precipitate, which filters 
easily, is well washed, finally with ammonia or ammonium carbonate 
solution. (This is to remove sulphuric acid, which otherwise is 
obstinately retained and causes charring of the filter paper on 
drying.) The precipitate is dried at 100° and weighed. A portion 
is then weighed into a glass ignition tube and heated until all free 
sulphur (if present) is driven off. Brilliant, black, crystalline silver 
sulphide remains and is weighed. This method, although simple and 
expeditious, gives surprisingly reproducible results, whilst it enables 
the presence of very small amounts of free sulphur to be detected 
with certainty owing to the dark colour of the distillate. Although 
the ratio Ag,S :S may be found to be 1 : 1, this does not prove the 
presence of pure tetrathionate unless it has been shown that penta- 
thionate is absent, which can be most readily done by the well- 
known ammoniacal silver nitrate test. 

It is to be noted that after sulphur dioxide had been expelled by 
an air current at the ordinary temperature, both tri- and tetra- 
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thionic acids were present, but after the sulphur dioxide had been 
boiled off only trithionic acid was found. We satisfied ourselves 
that these sulphurous acid solutions contained neither colloidal 
sulphur, thiosulphate, nor pentathionate. Only the 13-year old 
solution seemed definitely to contain thiosulphate. After the 
sulphur dioxide had been boiled off, both tri- and tetra-thionic 
acids were found in this case. 

Expt. H. (Theory, p. 1416.)—Table II epitomises a series of experi- 
ments in which solutions of the concentrations stated were boiled 
for 2 minutes in a small conical flask, 20 c.c. being used in each 
experiment. Hydrochloric acid was used. The mouth of the flask 
was covered with a filter paper moistened in the centre with one drop 
of 2N-lead acetate solution. The stains of lead sulphide produced 
were compared and preserved. 

In the more concentrated thiosulphate solutions, sulphur dioxide 
was evolved as well as hydrogen sulphide, which accounts for the 
fact that the latter appears to reach a maximum with N/100-acids, 
as shown in cols. 2, 3, and 4 of the table. Although the two gases 
can coexist in gaseous mixtures for considerable periods of time, lead 
acetate is not darkened when sulphur dioxide is largely in excess. 
The non-appearance of hydrogen sulphide under the conditions 
represented above the sloping line suggests that its production is due 
to a molecular rather than to an ionic reaction. 


TABLE IT. 


Acid N- 0-1N- 0-01N- 0-001N- 0-0001N- 
normality. Na,S,0;. Na,S,0,. Na,.S,0;. Na,S,O;. Na,S,O3. 
H,Sf,0 ~_ 


H,Sf, 0 
H,Sf, 0 
81, 0 
H,S, S 
H,S, S 
H,S), S 
H,S, S H,Sf, 0 
H,S, S H,S, 0 
H,S, 8 H,S,, 0 


— Cl 


once ao 


Abbreviations : 


0, no sulphur separated. 

©, sulphur appeared and later disappeared. 

8, sulphur was permanently precipitated. 

S| or |H,S|, the substance appeared to have reached a maximum in respect to 
the vertical column. 

H,Sf, a faint stain due to hydrogen sulphide. 
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Expt. I.—(i) (Theory, p. 1418). 5-86 G. of hydrated sodium thio. 
sulphate, 1 c.c. of 0:-2N-sodium hydroxide, and 5 c.c. of water were 
boiled for 5 mins. and cooled; addition of sodium plumbite then 
gave an immediate brown coloration. 

(ii) (Theory, p. 1418). 20 C.c. of an aqueous solution containing 
1-4 g. of hydrated sodium thiosulphate and 20 c.c. of 2N-sodium 
hydroxide were heated to boiling for 50 mins. in an atmosphere of 
purified coal gas, then acidified with hydrochloric acid and boiled 
in coal gas to decompose thiosulphate and drive off sulphur dioxide. 
Sulphate present in the solution was then estimated as barium 
sulphate : 0-0030 g. was obtained (mean of three experiments) after 
subtracting («) the barium sulphate (0-0020 g.) due to sulphate 
formed during the decomposition of the thiosulphate with acid, 
and (8) sulphate, silicate, etc. (0-0083 g.), derived from the action 
of alkali on the glass. Both corrections were determined separately. 

A similar solution after boiling for 50 mins. in coal gas was treated 
with 5 c.c. of 0-5N-lead acetate solution. This gave an immediate 
brown colour, and after short heating lead sulphide coagulated and 
was weighed as sulphate. In another experiment the lead acetate 
was added before the boiling with alkali. The two results were 
identical (Found: PbSO,, 0-0443 g.). This lead sulphate repre- 
sents sulphide formed by reaction (LX), but corresponds to only 
5-8% of the original thiosulphate. The sulphate also formed is 
derived from the hydrolysis of a small proportion of the trithionate 
formed in the main reaction. 

(iii) (Theory, p. 1419). 1-4 G. of hydrated sodium thiosulphate, 
dissolved in 20 c.c. of 8-4N-caustic soda and boiled for 50 mins. in 
coal gas, gave the merest trace of sulphide on treatment with lead 
acetate. On large dilution with water no further precipitate 
appeared. 

(iv) (Theory, p. 1419). 10 C.c. of 2N-caustic soda, 2:5 c.c of 2N- 
sodium sulphite, and 20 c.c. of 0-0072N-hydrogen sulphide were 
digested in coal gas for 1 hour at the b. p.; 1 c.c. of 0-5N-lead 
acetate solution was then added. An immediate black precipitate 
was formed which was filtered off and weighed as lead sulphate. A 
blank experiment using 2-5 c.c. of water instead of the sodium 
sulphite was also carried out (Found, from sulphite mixture: 
PbSO,, 0-0273 g.; from blank : PbSO,, 0-0260 g.). 

(v) (Theory, p. 1419). 20 C.c. of 2N-caustic soda, 5 c.c. of 2N- 
sodium sulphite, and 1 c.c. each of 2N-sodium thiosulphate and 
2N-sodium sulphide were boiled for 50 mins. in coal gas, and then 
treated with 5 c.c. of 0-5N-lead acetate. The lead sulphide pre- 
cipitated was converted into 0-2886 g. of sulphate, whereas a blank 
experiment without sulphite and thiosulphate gave 0-2903 g. 


THE INTER-REILATIONSHIPS OF THE SULPHUR ACIDS. 1455 


(vi) (Theory, p. 1418). This experiment was similar to the last, 
but 2 c.c. of 2N-sodium sulphate were used instead of the sulphite, 
and double the quantity of thiosulphate (7.e., 2 c.c.) was used; 
0-2885 g. of lead sulphate was obtained, again showing that no 
disappearance of sulphide had occurred during the boiling. Some 
thiosulphate was added, as it was thought that, if sulphide would 
not act directly on the sulphate, it might possibly react with thio- 
sulphate to form trithionate, which would then react with the 
sulphide to form thiosulphate. 

We could get no indication of any thiosulphate formation when 
hydrogen sulphide was allowed to act upon sodium sulphate either 
at the ordinary temperature or at 100°. Numerous experiments 
were made under various conditions of concentration, etc. 

(vii) (Theory, p. 1418). 0-2988 G. of lead thiosulphate was boiled 
with 20 c.c. of 2N-sodium hydroxide, in which it dissolved, in an 
atmosphere of hydrogen. There was no trace of darkening or 
precipitate after 50 mins’. boiling. 0-8250 G. of lead thiosulphate, 
when boiled in hydrogen with 25-9 c.c. of 0:-2N-sodium hydroxide 
(i.e., the equivalent amount of alkali), became cream-coloured, but 
showed no sign of sulphide formation after 10 mins’. boiling. 

When lead thiosulphate is boiled with less than the equivalent 
amount of alkali, decomposition is rapid and large amounts of 
trithionate are obtained, but a considerable proportion of the tri- 
thionate is decomposed into sulphide and sulphate, with consequent 
neutralisation of the alkali used—in fact, the reaction mixture be- 
comes slightly acid. The black precipitate obtained was shown to 
be a mixture of lead sulphide and sulphate with sometimes a little 
unaltered thiosulphate, a trace of which may also remain in the 
solution. The filtrate from the lead sulphide and sulphate pre- 
cipitate was analysed for thiosulphate and trithionate, one portion 
being titrated with N/100-iodine, and the trithionate and thio- 
sulphate in another portion being obtained from the weight of silver 
sulphide given on treatment with silver nitrate. The results of two 
such experiments are given in Table IIT. 


Tasie III. 
I 


0-9012 


Ag.S from trithionate (g.) 
Ag.8 from thiosulphate (g.) 


In both experiments, the mixture was boiled for 5 mins. in an 
atmosphere of hydrogen. In the second experiment, the mixture 
was left over-night after the boiling before filtering. 
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(viii) (Theory, p. 1418). Even under weakly acid conditions, some 
trithionate can survive during the decomposition of lead thio- 
sulphate : 1-3974 g. of lead thiosulphate, 5 c.c. of 2-175N -acetic acid, 
and 20 c.c. of water were boiled for 5 mins.; sulphur dioxide was 
given off, and the black residue contained considerable free sulphur. 
The filtrate contained trithionate capable of giving with silver 
nitrate 0-0897 g. of silver sulphide, and thiosulphate equivalent to 
0-0368 g. of silver sulphide (the thiosulphate was obtained by titration 
with N/100-iodine—some sulphurous acid may have been present, 
in which case the value for trithionate would be correspondingly 
greater). 

Expt. J. (Theory, p. 1420.)—Freshly precipitated and washed 
manganese sulphide, obtained from the hydrated sulphate, was 
gently boiled in a narrow-mouthed, conical flask, closed by a funnel, 
with a solution of 10 g. of ammonium sulphate in about 50 c.c. of 
water, until all the sulphide had reacted, 7.c., for 3—5 hours. In 
Expts. I, IIT, and IV, 1-1 g. of MnSO,,4H,0O was used; in Expt. II, 
2-2 g. Hydrogen was passed through the flask in which Expt. IV 
was carried out, but even so, indications of yellow ammonium 
sulphide were seen at the end of the exit tube inside the flask—a 
sign of slight oxidation. The sulphide used in Expt. I had under- 
gone more oxidation during its preparation than the other samples. 
The filtrates from the small amounts of higher oxide of manganese 
(very small in Expt. III) were analysed by titrating one portion 
with N/100-iodine, and weighing the silver sulphide obtained with 
silver nitrate from another portion. The silver sulphide was shown 
to contain no free sulphur, and in amount it agreed very closely 
with that required by the iodine titration, showing that it was 
derived from thiosulphate, not trithionate : 


z, II. III. IV. 


Pig) WEUROA (8.) .<0<<50006.0cese0 0-1290 0-0662 0-0144 0-0048 
Ag.S calc. from iodine titration (Not 0-0669 0-0139 0-0050 
titrated.) 


A series of experiments in which hydrogen sulphide was passed 
through boiling strong solutions of ammonium magnesium and 
ammonium nickel sulphates gave entirely negative results, no 
trithionate or thiosulphate being formed. 

Expt. K. (Theory, p.1421.)—The following is a typical experiment : 
Hydrogen sulphide was passed through a mixture of 5 c.c. of con- 
centrated sulphuric acid and 3 c.c. of water for 70 mins. No 
sulphur was precipitated. The gas was then displaced from the 
solution by a very rapid current of hydrogen, and the solution was 
diluted rapidly to 100 c.c.; this caused an immediate opalescence 
due to sulphur. Some of the diluted solution, when tested with 
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ammoniacal silver nitrate, gave a faint coloration such as would be 
expected from the sulphur cloud; the paleness indicated that all 
the hydrogen sulphide had been removed. ‘The silver sulphide from 
half of the solution amounted to 0-0029 g. and the N/100-iodine 
titration indicated that one-third was derived from trithionate and 
two-thirds from thiosulphate. The cloud of sulphur formed on 
dilution is attributed to formation and decomposition of thiosulphate 
owing to the large addition of water having caused hydrolysis of 
trithionic acid originally present. In other experiments, it was 
noted that traces of hydrogen sulphide continued to be removed by 
‘the current of hydrogen from the original strong acid after several 
hours. This suggests a slow reversal of reaction (X) by the water 
present. The thiosulphate found in the solutions after dilution had 
probably been formed by hydrolysis from trithionate, partly during 
the removal of hydrogen sulphide by the current of hydrogen, and 
partly during the dilution. 

Expt. L. (Theory, p. 1423.)—0-4884 G. of potassium trithionate 
and 20 c.c. of 5N-hydrochloric acid were gradually heated to boiling. 
Sulphur appeared at about 50°. Boiling was continued until no 
more sulphur dioxide was liberated—about 25 mins. in all. The 
liberated sulphur weighed 0-0335 g. and a further 0-0032 g. separated 
on dilution owing to decomposition of pentathionic acid. This 
small quantity was filtered off after being boiled for 1 hour to cause 
coagulation. Sulphate present in the filtrate gave 0-4817 g. of 
barium sulphate, whereas if 1 mol. of trithionate gave 1 mol. of 
sulphate, the weight would have been 0-4216 g. 

Expt. M. (Theory, p. 1423.)—Potassium trithionate solutions of 
the concentrations given in Table IV (p. 1452) were left at room 
temperature for the stated periods and then analysed. Our poly- 
thionate estimations (B. and D.) were made by the silver nitrate 
method (see Expt. G), whereas Kurtenacker and Kaufmann (K. and 
K.) used volumetric methods. 

It is evident that N-hydrochloric acid had hastened the hydrolysis 
to a later stage in 28 days than had N//10-sulphuric acid in 42 days. 
Obviously our experiment (iv) represents the latest stage of the four 
—again confirming our contention that pentathionic acid is the 
last polythionic acid to be produced. Kurtenacker and Kaufmann 
also expected this, but had not reached it in (iii). 

Expt. N. (Theory, p. 1425.)—Four mixtures of sodium thio- 
sulphate and hydrochloric acid of the composition stated in Table 
V, (i), (ii), (iii), and (iv) were made by adding 1 ¢.c. of M-sodium 
thiosulphate to 10 c.c. or 21 ¢.c. of hydrochloric acid of appropriate 
strength in small, tightly-corked flasks. After the stated intervals 
of time, the whole mixture was titrated with N /10-iodine, a separate 
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TABLE V. 


Extension of Holleman’s Experiments. 
(a) 0-5M-Na,S,0, = a; 1-0N-HCL. 


N'/10-TIodine, BaSO, x (altern- 

c.c. (g.). x, ative calc.). 
11-95 0-0611 0-165 0-154 
12-8 0-0816 0-210 0-221 
13-9 0-1097 0-276 0-308 
14-35 0-1316 0-348 0-343 
14-6 0-1381 0-363 0-363 

6 14-5 0-1416 0-383 

| 14-2 0-1432 0-410 

43 hrs. 10-25 


Seba S 
ore ore] 
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(b) 0:25M-Na,S,0, = a; 0-5N-HCI. 


12-1 0-0528 0-060 0-121 
13-2 06-0895 0-113 0°147 
13-9 mb 0-153 0-225 
14-0 +146: 0-215 0-231 
14-1 . 0-228 0-237 
14-2 -16 0-243 0-243 
13-8 jee 

12-6 

43 hrs. 9-75 


(c) 0:1M-Na,S,0, = a; 0-2N-HCI. 


N /10-Iodine, c.c. a. 
10-5 0-0091 
10-7 0-0128 
11-9 0-0347 
12:8 0:0511 
13-1 0-0566 
13-2 0-0584 
13-1 58-49% Decomposed at 17 
12-7 mins. according to sul- 
11-9 phate estimation after 
11-7 the iodine titration. 
9-25 


CSr rr ty 
DROOKS ™ 
WIMSsSIsS 


(i) 0-0455M-Na,8,0, = a; (ii) 0-0455M-Na,S,0, — a; 
0-196M-HCI. 0-393M-HCI. 


N/10-Iodine N/10-Iodine 
é. (¢c.c.). # 3 (c.c.). Be 


10-55 0-00463 
11-0 0-00842 
11-4 0-0118 
11-85. 0-0156 
12-4 0-0202 
12-85  0-0240 
13-6 0-0303 
14:5 0-0379 


10-5 0-00437 
10-9 

11-2 

11:8 

11-95 

12-6 

13-13 

13-7 

14-2 

14:8 

15-1 0-0446 
15-2 — 


Mean 1-61 Mean 1-85 
Limiting val. used for cale., 15-2. Limiting val. used for cale., 15-4. 


OS Q1bo Spo te Ww 


49 G9 =I G2 He C2 Gr a CD 
~— 


— 
~— 


THE INTER-RELATIONSHIPS OF THE SULPHUR ACIDS. 1459 


TABLE V. (contd.) 
(iii) 0-091M-Na,S,0, = a; (iv) 0-091M-Na,S,0, = a; 
0-393M-HCIl. 1:96M-HCl. 


N/10-Iodine N/10-Iodine 
(c.c.). x. a t. (c.c.). 2. 
10-9 0-0152 °§ 11-5 0-0182 
‘ 13-1 0-0376 
12-4 0-0404 . 14:0 0-0485 
14-6 0-0546 
13-4 0-0573 ° 15:3 0-0643 
14-1 0-0691 § 15-7 0-0692 
14:3 0-0725 . 16-3 0-0764 
14-6 0-0775 . 17-0 0-0849 
14:85 0-0817 . 17:3 0-0886 
15-4 j 17-4 0-0898 
15-2 —- 
15-1 p 17-2 
Mean 2-02 Mean 2-58 
Limiting val. used for calc., 15-4. Limiting val. used for calc., 17-5. 


mixture being used for each titration. The amount of iodine required 
at zero time was, of course, 10 c.c. ineach case. In these experiments, 
since excess of acid was used, it can be safely assumed that decom- 
position of thiosulphate was complete when the iodine titration had 
reached its limiting value. The amount of decomposition at earlier 
stages was calculated by simple proportion. Holleman’s three 
experiments, in which equivalent amounts of thiosulphate and acid 
were used, were also repeated (Expts. a, b, and c). At the time 
stated, a known quantity of N/10-iodine was added and the excess 
was then titrated with N/10-thiosulphate. After 1 min. we obtained 
similar results to his, but we followed up the experiments in order 
to determine the maximum values of the titre so that the velocity 
coefficient might be calculated in the manner indicated on p. 1428. 
For this purpose, the sulphate present in the titrated solution was also 
determined. In experiments (a) and (6) the sulphate was determined 
at each stage (and is given in the table as g. of barium sulphate) in 
order to get a direct measure of the amount of decomposition to 
compare with that calculated by simple proportion from the iodine 
titre and the sulphate formed at the stage of maximum iodine titre. 
In all these experiments, which were carried out at 17°, the initial 
concentrations shown are those which obtained after mixing. 
Time, t, is given in minutes, unless otherwise stated. The number 
of mols. of thiosulphate decomposed is given by x; and k is the 
bimolecular velocity coefficient calculated from k = 2/ta(a — 2). 
Expt. O. (Theory, p. 1430; Fig. 1.)—Mixtures were made of 
1 c.c. of 0-05, 0-1, 0-25, 0-5, or 1-0M-sodium thiosulphate with 10 c.c. 
of hydrochloric acid (or, in the cases indicated, phosphoric acid) of 
the molecular normalities shown on the abscissz of Fig. 1, where the 
results are given in the form of curves. As ordinates are plotted 
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the times (in mins.) required for the first appearance of visible 
sulphur, which could not, of course, be determined with very great 
accuracy. The actual normalities of thiosulphate and of acid in the 
mixture would be 10/llths of those indicated. The experiments 
were done at room temperature (about 17°). 

Expt. P. (Theory, p. 1432.)—Four separate mixtures were made, 
each containing 1 c.c. of each of the specified constituents: (1) 
0-1M-Thiosulphate, 0-5N-hydrochloric acid, water: Sulphur de- 
position began 90 secs. after mixing. (2) 0-1M-Thiosulphate, 
0-5M-potassium tetrathionate, 0-5N-hydrochloric acid: This 
remained absolutely clear for 24 hours after mixing. It then gave 
a strong reaction for pentathionate. The original tetrathionate con- 
tained only a faint trace of pentathionate. (3) 0-51-Thiosulphate, 
0-5M-sulphuric acid, water: Sulphur deposition started in 15 secs. 
and was soon very heavy. (4) 0-5M-Thiosulphate, 0-5 -potassium 
tetrathionate, 0-5M-sulphuric acid: Faint sulphur deposit after 
2mins. It was only slight after 10 mins. Concentrations are stated 
in molecular normalities in all cases. Since we made these experi- 
ments, similar ones have been recorded by Foerster and Centner 
(loc. cit., pp. 64, 68). 

Expt.Q. (Theory, p. 1432.)—0-203 G. of iodine in 20 c.c. of alcohol 
was mixed with 0-216 g. of potassium trithionate in 20 c.c. of water, 
and hydrogen sulphide was then passed in very slowly until the 
iodine was decolorised. Some sulphur was deposited, which was 
filtered off, washed, dried, and found to weigh 0-0153 g. To the 
filtrate was added 0-265 g. of lead nitrate in 20 c.c. of water. After 
standing for 5 hours, the lead iodide was filtered off and washed once. 
The filtrate from this iodide was warmed with 5 c.c. of 0-4N-silver 
nitrate and the precipitated mixture of silver sulphide and iodide and 
free sulphur was dried, weighed, and gently heated in an ignition 
tube. In this way it was found to contain 0-0104 g. of free sulphur. 
It represents the tetrathionate formed by direct addition of sulphur. 
The iodine used in the experiment would have liberated 0-0256 g. 
of sulphur, so that 40-69% was absorbed. In a second experiment 
using twice as much trithionate, 60-2% of the sulphur was absorbed. 

Expt. R. (Theory, p. 1434.)—One c.c. of 0-05M-sodium thio- 
sulphate and 10 c.c. of 0-25N-hydrochloric acid gave a deposit of 
sulphur in 9} mins. When this mixture was neutralised by caustic 
soda after 7 mins., no precipitation of sulphur occurred either then 
or after } hour. Ina second experiment, 1 c.c. of lanthanum nitrate 
solution was added after 7 mins., but no precipitate occurred until 
after 13 mins. On the other hand, neutralisation of the above 
mixture after 9 mins. caused an immediate opalescence and so also 
did addition of 1 c.c. of lanthanum nitrate solution after 9 mins. 
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When 1 c.c. of 0-:1M-thiosulphate and 10 c.c. of 0-25N-hydro- 
chloric acid were used, sulphur separated 5 mins. after acidification. 
Similar mixtures were neutralised with sodium hydroxide 2 mins. 
and 3 mins. after acidification. No sulphur had separated after an 
hour, but a precipitate formed when the neutralisation was effected 
after 4 or 44 mins. | 

One c.c. of 0-1M-thiosulphate and 10 c.c. of 2-163N-hydrochloric 
acid deposited sulphur in 4 mins. 10 secs. To a similar mixture, 
3 c.c. of 8N-caustic soda were added 3 mins. after acidification. An 
immediate opalescence was produced. This faded and disappeared 
after 2 mins. The solution was finally alkaline. One c.c. of 0-1M- 
thiosulphate and 10 c.c. of 5N-hydrochloric acid gave a deposit of 
sulphur in 15 mins. A similar mixture was carefully neutralised 
with 8N-caustic soda in presence of phenolphthalein within a few 
minutes of preparation. No immediate precipitation of sulphur 
occurred, but a faint opalescence appeared 13} mins. from the start, 
and disappeared after a further minute. A somewhat similar result 
was obtained with 0-5M-thiosulphate and 5N-hydrochloric acid. 

Expt. S. (Theory, p. 1435.)—In the following experiments | c.c. 
of M-thiosulphate and 10 c.c. of 10-5N-hydrochloric acid were 
mixed. (In the first experiment, 10 c.c. of 9N-acid were used.) 
The mixtures were left at room temperature for the times specified 
(in Table VI) in tightly-corked, small flasks. They were then 
titrated with 0-1N-iodine. In the first four experiments this was 
done in the concentrated mixture, without using starch and in 
presence of the precipitated sodium chloride. In the case of Expts. 
2, 3, and 4, owing to the large amount of sulphurous acid present, 
the yellow iodide-sulphur dioxide complex was formed. Addition 
of a little water towards the end of the titration broke this down 
and enabled the end-point to be determined sharply. The solutions 
were then raised to boiling point to coagulate sulphur, which was 
filtered off and weighed. The filtrate was diluted considerably 
and reheated, and sulphate present was precipitated and weighed 
as barium sulphate. This sulphate is due to oxidation of sulphurous 
acid by iodine, but may be partly due to hydrolysis of thionic acids 
during the heating, etc. In Expt. 5 the solution was diluted with 
50 c.c. of water before being titrated with iodine. 


TABLE VI. 


Time elapsed N/10-Todine Sulphur 
before titration. (c.c.). BaSO, (g.). deposited (g.). 
10 mins. 12-5 0-0714 — 
2 hours 12-1 0-1082 0-0206 
11-1 0-1559 0-0290 
23-5 ,, 107 0-1663 0-0326 
23-5 ,, 10-2 0-1175 0-0242 
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In the mixture used in Expt. 1, sulphur began to appear after 11 
min. 50 sec.; some was seen just before the end of the titration 
with iodine. In the other experiments, most of the sulphur 
separated during the titration (owing to the consequent dilution) 
and subsequent heating, indicating that it originated from penta- 
thionate. 

If we assume that the reduction of iodine is due to sulphurous 
acid and thiosulphuric acid (or H,S,0;) only, we can make the follow- 
ing deductions. In Expt. 1, 63:7% of thiosulphuric acid had 
remained unchanged (as H,S,O,, in our opinion), and 30-6% had 
decomposed according to reaction (VIII). This assumes that all 
the barium sulphate had resulted from sulphurous acid and that no 
hydrolysis of polythionate had occurred. In Expt. 2, again assum- 
ing no hydrolysis of polythionate, 28-3 of thiosulphuric acid (as 
H,S,0;) had remained, whilst 46-49% had decomposed according to 
reaction (VIII). 

In Expts. 3, 4,and 5 it appears that no thiosulphuric acid remained 
in the cold solution, and if that is correct, the determinations show 
that: («) In (3), 55:5°% had decomposed according to reaction 
(VIII), and none remained undecomposed. Of the polythionate 
present in the cold mixture an amount corresponding to 0-0264 g. 
of barium sulphate had been decomposed during the boiling. 

(8) In (4) and (5), 53-5 and 51%, respectively, had decomposed 
according to reaction (VIII). In (5), the barium sulphate obtained 
was equivalent to the iodine used, showing that no hydrolysis of 
polythionate had occurred during the boiling of the diluted solution ; 
but in (4), where the boiling lasted longer than in (3), polythionate 
corresponding to 0-0414 g. of barium sulphate had been decomposed. 

It should be noted that actually more thiosulphuric acid will have 
decomposed according to reaction (VIII) than is shown by the 
residual sulphurous acid, for some of the latter will have reacted 
with hydrogen sulphide, formed by reaction (IX), to yield sulphur 
(reactions IIb and Ib). The amount of thiosulphuric acid which has 
reacted to form polythionate cannot therefore be obtained by de- 
ducting from the original amount that remaining undecomposed and 
that which has decomposed in accordance with reaction (VIII). 

Expt.T. (Theory, p.1436.)—(i) Anaqueoussolution of methylene- 
blue was prepared containing 0-64 g. per litre (= 1/500th g.-mol. 
C,.H,,N,SCl). One c.c. of 0-1M-sodium thiosulphate was added to 
10 c.c. of hydrochloric acid, which was either 10N, 5N, or 2:5N. 
With each strength of acid two mixtures were made. To one, 
24-5 c.c. of the methylene-blue solution were added, and to the other 
25:5 ¢.c., the mixtures being in tightly-corked flasks filled with 
carbon dioxide. In each case, the solutions containing 24:5 ¢.¢. 
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of methylene-blue were bleached, whilst those containing 25-5 c.c. 
retained a pale blue colour. The thiosulphate used in the experi- 
ment could reduce 25 c.c. of the methylene-blue solution according 
to the equation given on p. 1435. 

Another bleaching experiment was done in a slightly different 
way, using a solution which was 0-1M with respect to thiosulphuric 
acid without any excess of other acid, obtained by mixing equal 
volumes of 0:2M-sodium thiosulphate and 0-4M-hydrochloric acid ; 
on shaking this solution with solid methylene-blue in an atmosphere 
of carbon dioxide, it was found to bleach exactly the amount 
calculated from the equation, but no more. 

0-32 G. of methylene-blue was dissolved in 100 c.c. of water and 
the solution placed in a separating funnel filled with carbon dioxide ; 
2c.c. of M-sodium thiosulphate were added, followed by 10 c.c. of 
25N-hydrochloric acid. The mixture was well shaken, and the 
colour disappeared completely in } hour; 9-84 c.c. of 2-564N-sodium 
hydroxide were then added, this being the amount required to 
produce neutrality after due allowance for the fact that 1 mol. of 
hydrochloric acid is liberated from methylene-blue for each mol. of 
the lewco-compound produced, whilst, on the other hand, each mol. 
of tetrathionate formed corresponds to the neutralisation of 2 mols. 
of hydrochloric acid. Immediately on addition of the alkali a white, 
flocculent precipitate was thrown out, which dissolved at once in 
ether. The ethereal extract was separated and the ether distilled 
in a current of carbon dioxide, leaving the Jewco-methylene-blue 
as long, colourless crystals. These do not melt, but decompose on 
heating. They slowly turn blue owing to oxidation. The leuco- 
compound is strongly basic and cannot be extracted from acid 
solution by ether, although it is freely soluble in absence of acid. 
Bernthsen (Ber., 1883, 16, 1025; Amnnalen, 1885, 230, 147) pre- 
pared it by reduction of methylene-blue with hydrosulphite (Na,S,0,) 
followed by ether extraction. 

Expt.U. (Theory, p. 1437.)—The times taken for the disappearance 
of the blue colour from mixtures of thiosulphate, hydrochloric acid, 
and methylene-blue were carefully noted, the thiosulphate being 
added last of all and the timing starting from then. These times 
are given (in secs.) under ¢ in Table VII; they are the average of two 
or more concordant readings and are subject to an experimental 
error of at least 5%. The temperature was 15° throughout, and 
the same weight of methylene-blue (viz., 0-0064 g.) was used in each 
experiment. 

The total volume in each experiment was 21 c.c., 1 c.c. of N-, 
OON., or 0:2N-thiosulphate being added to 20 c.c. of 10N-, 5N-, 
25N-, 1:25N-, 0-625N-, or 0-5N-hydrochloric acid containing the 
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methylene-blue. ‘The resulting normalities are shown in the table. 
(In this experiment, N = 4M for thiosulphate.) 


TABLE VII. 


T'imes of disappearance of colour from 0-0064 g. of methylene-blue in 
solutions containing thiosulphaie and hydrochloric acid of con- 
centrations given in horizontal and vertical columns, respectively. 


Column 1. Column 2. Column 3. 
Cone. of —0:0476N-H,S,03. 0-0238N-H,S8,0,. 0-00952N-H,S,0;. 
é. t. t 


HCl. : 
9-50N 41 104 450 
4-75N 20-3 61-4 250 
2-38N 21-6 61-8 265 
1-19N 37 117 840 
0-594N 78 230 1740 
0-475N 90 330 2160 

The amounts of thiosulphate used in columns 1, 2, and 8 are, 
respectively, 8, 16, and 40°, since 0-0064 g. of methylene-blue has 
been shown to react with 40° of the weight of thiosulphate in 
column 3. 

Aqueous solutions of methylene-blue can be kept without change 
of concentration or behaviour for more than a year. The solutions 
in 10N- and in 5N-hydrochloric acid, when freshly made, react 
with thiosulphate to give colourless solutions, but if they are kept 
for 3 days before mixing with thiosulphate, the reaction ceases before 
the solution is colourless, a green tint remaining. Dilute solutions 
of hydrochloric acid will dissolve only a portion of the methylene- 
blue, even although left for many days. All experiments with con- 
centrations lower than 10N-hydrochloric acid were carried out by 
mixing an aqueous solution with appropriate amounts of acid just 
before the start, and usually it was found that no “ salting out” 
of methylene-blue occurred in the short time the experiment lasted. 
When “ salting out ”’ does occur, it may begin soon after the addition 
of thiosulphate, and if so the experiment must be started afresh. 

The following table gives the figures in Expts. d, e, and f (of 
Table VII) relatively to the 37-minute value for d 1, which is taken 
as unity, on the assumption that the variations are inversely as the 
square of the thiosulphate concentrations and also as the first power 
of the hydrochloric acid concentrations. 


Ratios. (3). Theory. 
1) 22:7 25 

(2:07) 47:0 50 

(2:56) 58:3 62° 


Expt. V. (Theory, p. 1439.)—One c.c. of 0-0628M-sodium form- 
aldehydesulphoxylate was added to 19 c.c. of 10N-hydrochloric acid, 
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and the times taken to bleach successive amounts of a methylene- 
blue solution containing 0-00064 g. per c.c. were noted. The 
sulphoxylate should have been able to bleach 31-4 c.c. of the methyl- 
ene-blue if oxidation gave sulphite alone. 

25 C.c. were bleached in 133 mins.; 27 c.c. (total) were bleached 
in172 mins. ; 29 c.c. (total) in 215 mins. ;. 31 c.c. (total) in 285 mins. ; 
33 c.c. (total) in 415 mins. The reaction was then complete. 

Expt. W. (Theory, p. 1443.)—Polythionic acids were formed in 
thiosulphate solutions which had been acidified under varying 
conditions. The polythionates were not estimated individually, but 
on the basis of the S/Ag,S ratio, as explained in Expt. G. Before 
the polythionates can be satisfactorily determined by this method, 
it is necessary to remove sulphurous acid or to render it inactive 
towards silver nitrate. In most cases this was done by boiling, 
which, unfortunately, has two undesirable efiects: some poly- 
thionate is hydrolysed, and at the same time higher polythionates 
are formed at the expense of lower ones. These two effects are the 
more pronounced the greater the acidity of the solutions. 

In a few experiments formaldehyde was added (compare Kurte- 
nacker and Bittner, Z. anorg. Chem., 1924, 141, 297). This enables 
the polythionates to be determined directly by the silver nitrate 
method without any previous boiling. In another case, sulphur 
dioxide was removed by means of a brisk air current before the silver 
nitrate reaction was carried out. 

When considered collectively, the experiments recorded in Table 
VIII show that trithionic acid is formed in the earlier stages of the 
decomposition, but that time, acidity, and boiling al! tend to shift 
the balance in favour of pentathionic acid. 

In Table VIII the columns numbered I—IX are given by the 
following key : 


I. Normality of thiosulphate (7.e., referred to }Na.S,0,). 
II. Nature and normality of acid used (referred to 1H,PO, or 
3H,SO,). 
. Precipitated sulphur (mg.). 
IV. Silver sulphide (mg.). 
V. Mg. of sulphur mixed with silver sulphide. 
VI. Molecular ratio, S/Ag,S. ; 
. Molecular ratio of trithionate to tetrathionate (taken as 100). 
VII. = 5» >», pentathionate ™ . - wo. 
IX. Ratio of sulphur, %, in polythionate to that in original 
thiosulphate. 


Lxpl. X. (Theory, p. 1443.)—Solutions of sulphurous acid and 
hydrogen sulphide of known strength were prepared. Mixtures of 
3D 
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Taste VIII. 
Experimental Calculations 
results. from experiments. 


“II Iv. VI. VII. VIII. IX. Observations. 
121-9 147-2 ‘lL 0-479 108 — 20-6 Boiled for 20 mins, immediately alter, 


= 
am 
: 


mixing. 
110-5 179-1 0-819 32 — 27-5 Left for 23 hours; then boiled for 20 
mins. 
126-7 0-485 106 — 25:8 Mixed slowly, acid added in 11 stages in 
30 mins., then boiled for 20 mins. | 
123-4 . 0-424 136 27:0 Mixed slowly, thiosulphate added in 
11 stages, then boiled for 20 mins. c 
104-3 : 0-909 10 35-0 Acid and thiosulphate left to mix by | 
diffusion for 45 hours, then boiled for 


20 mins, 

0-747 3 50-3 Acid and thiosulphate left to mix by 
diffusion for 214 hours, then boiled for 
20 mins. 

1-363 25 Boiled for 20 mins, immediately after) 


mixing. 

1-193 9-1 a." 20 mins, immediately after 
m . 

1-465 9-5 Left for 23 hours; then boiled for 20 


mins, 
1-495 9-2 Mixed slowly, acid added in 11 stages in \ 
30 mins., then boiled for 20 mins, 
1-352 41:2 Acid and thiosulphate left to mix by | 
diffusion for 45 hours, then boiled for 


20 mins, 
43-2 Acid and thiosulphate left to mix by | 
diffusion for 216 hours, then boiled for J 
20 mins, 
1-165 20 ; 98 Boiled for 20 mins, immediately after) 


mixing, 
1-324 15-1 Left for 23 hours and then boiled for 
20 mi 


0 mins, 
1-319 29-9 Mixed and left for 45 hours, then boiled 
for 20 mins, 
1-164 12-1 Mixed slowly, acid added in 11 stages in 
30 mins., then boiled for 20 mins. 
1-178 32-4 Acid and thiosulphate left to mix by 
diffusion for 45 hours, then boiled for 


2 5 

41-0 Acid and thiosulphate left to mix by 
diffusion for 216 hours, then boiled for 
20 mins, 

16-3 Excess of formalin added immediately 

after mixing; no boiling.t : 

44-4 Excess of formalin added after 5 hours’ | 

standing; no boiling. F 

21-0 Excess of formalin added after 23 hours 

* standing; no boiling. : 
25-6 SO, removed by brisk current of air 
bubbled through for 1} hours directly 

after mixing; no boiling. 

4:7 Left at room temperature for 37 hours, ) 
then kept simmering for 1 hour. 30% 
of thiosulphate remained. The calcul- 
ation is for the 70% decomposed. ; 

0-5 0-52V . . 5 1-0 Kept at about 75° for 24 hours, boiled 

: for 20 mins. 64% of thiosulphate 
remained. The calculation is for the 
36% decomposed. 

O-33$ 2-9f 155-7 212-3 15 29-3 Result of a 5-hour distillation, 10 c.c. 
N-Na,S,0, with 40 c.c, 4-25.V-acetic 
acid. Considerable hydrolysis with 
formation of H,SO, occurred. Total 
sulphur in all products estimated, good 
sulphur balance obtained. 15% of 
thiosulphate remained. ‘The calcul- J 
ation is for the 85% decomposed. 

* In this experiment the phosphoric acid was 1-2. — 

+ The formalin stopped the reaction. Only 20% of the thiosulphate had been decomposed om 
titration). The figures refer to this 20%. The iodine titration of thiosulphate in presence 
formalin takes a considerable time (Schmidt, Ber., 1907, 40, 865). hide 

t{ These normalities represent approximate average—acetic acid distilled over and hydrogen sulphide 
was evolved continuously. The volume of the solution in the distillation flask was kept appro! 
mately constant by the slow addition of 4-25-acetic acid. 


0-518N-Phosphoric acid. 


1-5N-Phosphoric acid. 
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these in different proportions were made and kept in tightly-corked 
flasks for various times. Excess of sulphur dioxide and hydrogen 
sulphide was then removed by boiling, and the polythionic acids 
present were estimated by the silver nitrate reaction (Table IX). 


Summary. 


(1) The hydrolysis of sulphur probably occurs in accordance with 
the equation S, + 2H,O — H,S + (HO),S. 

(2) Sulphoxylic acid is very unstable either in acid or in alkaline 
solution, and readily yields hydrogen sulphide and sulphurous acid. 
The mechanism of this change and its bearing on the initial step in 
the Wackenroder reaction are discussed. 

(3) The cause of the yellow colour of certain simple sulphur 
compounds is attributed to the presence of a sulphur atom with a 
ten-electron sheath. 

(4) The decomposition of hydrosulphurous acid, H,S,0,, is 
discussed. 

(5) The autoxidation of sulphurous acid is considered. 

(6) The main part of the paper deals with the decomposition of 
thiosulphuric acid, and it is shown that this decomposition can occur 
in three different ways. 

(7) One mode of decomposition yields hydrogen sulphide and 
trithionic acid. This is considered to be an essential step in the 
Wackenroder reaction also, and trithionic acid is regarded as the 
primary thionic acid both in the thiosulphate decomposition and in 
the Wackenroder reaction. 

(8) The objections to the usual view that pentathionic acid is the 
primary thionic acid are dealt with. 

(9) It is shown that, in all probability, thiosulphates never de- 
compose directly into sulphide and sulphate, but that the sulphate 
results from trithionate formed first of all. 

(10) Experiments are recorded which suggest that the decom- 
position of thiosulphuric acid into sulphurous acid and sulphur is 
probably a bimolecular reaction involving a sulphur unit S,. 

(11) A new mode of decomposition of thiosulphuric acid into an 
anhydro-acid, H,8,0,, is described. The new acid reduces methyl- 
ene-blue and is thereby oxidised to tetrathionic acid. 

(12) The structural formule of the polythionic acids and their 
behaviour on hydrolysis have been considered, and some new points 
of view put forward. 
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CXCVIII.—The Reaction between Manganese Salts and 
Sodium Hypochlorite in the Presence of certain other 
Salts. 


By Bertram Eastwoop Drxon and JoHn LEDGER WHITE. 


From a solution of a manganese salt sodium hypochlorite pre- 
cipitates hydrated manganese dioxide, and, on prolonged boiling, a 
small quantity of sodium manganate or permanganate is formed. 
If the reaction takes place in the presence of copper salts, however, 
the copper is precipitated and permanganate is the main product. 
The latter reaction was studied by Duyk (Ann. Chim. anal., 1907, 
12, 465), who gave no data, but stated that the reaction was com- 
plete for small quantities of manganese. Heslinga (Chem. Weekblad, 
1922, 49, 274) used bromine water in alkaline solution in place of 
hypochlorite, and stated that the reaction was suitable for qualitative 
purposes only. 

It has been found that a small amount of sodium permanganate 
is formed even when special precautions are taken to purify both 
the manganese salt and the sodium hypochlorite, so the manganese 
dioxide itself appears to be capable of catalysing the reaction. 
When present in quantities roughly equivalent to that of the 
manganese salt, the salts of several metals, notably copper, cobalt, 
nickel, and molybdenum (as molybdate), possess the property of 
greatly increasing the amount of permanganate formed in this 
reaction, and the present communication is a study of the effect of 
variations in the conditions of the experiment on the conversion of 
manganese salt into permanganate. 


ExPERIMENTAL. 


Influence of Time.—Of the oxygen available from the hypo- 
chlorite, some is utilised in the formation of permanganate, whilst 
the bulk is evolved as gas. The relations were observed between 
time of heating, permanganate formation, and evolution of gas at a 
temperature of 100°. 

The reactants were mixed at 100° by sharply shaking a small tube, 
which contained measured amounts of manganese- and copper-salt 
solutions, and which stood normally in an upright position inside 
the reaction tube containing the hypochlorite. After being heated 
for a definite time, the reaction tube was immersed in an ice-bath, 
the volume of gas evolved was measured, and the permanganate 
estimated colorimetrically. Only at 100° is the suspension of copper 
oxide sufficiently agitated, without the use of a stirrer, to exert a 
constant and maximum influence on the reaction. But since the 
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reaction has been chiefly studied at this temperature, no attempt 
has been made to carry out the above experiment at any other 
temperature. The results were as follows, all weights of manganese 
salts and permanganates being expressed, both here and later, as mq. 
of MnO: 

Time of boiling (secs.) <10 <10 30 30 40 210 900 900 
Volume of gas(c.c.)... 5:4 54 107 94 I1-2 21-7 43:8 45-6 
KMn0O, 0-26 033 0-45 0-46 0-58 0-66 0-66 0-65 

These results are shown graphically in Fig. 1, and it is evident 

that, at these concentrations, the maximum amount of permanganate 

is formed at the end of 

ws Fra. 1. about 3 minutes’ boiling, 

and after the evolution of 

one-third of the total 
0-6 oxygen. 

Effect of Alkali.—On 
filtering the above tre- 
action mixtures, it was 
noticed that the solutions 
sometimes had a slight 
bluish tint which made 
colorimetric comparison 
with permanganate solu- 
tion impossible. This was 
very marked when the 

0 620] 0 50 bulk of the hypochlorite 

Gas evolved (¢.c.). had been decomposed and 

(Figures near points indicate time of boiling the ratio of alkali to 

in seconds.) 2 

hypochlorite had greatly 

increased. On keeping indefinitely, the solution turned greenish- 

blue in colour, and a brown precipitate formed. When the filtrate 

from this solution was treated with acid, the original pink colour 

was restored, with co-precipitation of manganese dioxide. The 

colour was found to be due to the formation of a little manganate 
by the action of sodium hydroxide on the permanganate. 

Heslinga (loc. cit.) stated that the presence of iron was prejudicial 
to the reaction, since it caused the colour of the solution to change 
to bluish-violet, probably through the formation of unstable 
potassium ferrate. It was found, however, that (1) the bluish- 
violet colour was observed when no iron was present, (2) this 
colour formed more readily as the concentration of alkali increased, 
and (3) the brown precipitate contained manganese, but no Ion. 

Of the reagents usually employed to convert manganate to per 
manganate, sodium bicarbonate was found to be the only one 
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suitable in this case, provided that sufficient hypochlorite was also 
resent. 
: Extent of Reaction.—Another series of tests was carried out to 
discover how far the oxidation of the manganese to permanganate 
was quantitative, starting with different quantities of reactants. 
Approximately equivalent measured amounts of manganese and 
of cobalt or copper salt were poured into a conical flask, and the 
solution was diluted to 50 c.c. To the warm solution, 10 c.c. of 
5N-sodium hypochlorite (total alkalinity 0-1N) were added gradually, 
the flask being shaken simultaneously, and the mixture was heated. 
After reaching brisk effervescence, the solution was boiled for 
3 minutes, a further 5 c.c. of hypochlorite were added, and the 
solution was again heated until it effervesced freely. After filtra- 
tion through pure asbestos, the solution was cooled, made up to 
a known volume, and estimated colorimetrically. 


I. KMnOQ, calc. ......... . ‘73 1-46 2-05 2-19 2-55 2-92 3-66 4-38 
II. KMnO, formed : 
A. Using cobalt. . 45 0-91 1-25 1-42 1-80 
° -46 0-93 1-44 
1-47 
B. Using copper. : 1:33 1-64 1-62 2-21 2°39 3-00 3-83 
2:00 1-87 2-50 2-58 3-06 
2-21 2-50 
1-98 


From the results obtained it is seen that, when cobalt is used, 
the ratio of permanganate formed to that theoretically possible 
decreases in a regular manner as the amount of manganese salt 
used increases. In the case of copper, however, although the 
amount of permanganate formed approached the theoretical more 
closely than when cobalt was used, the results obtained were erratic. 
Occasionally, the manganese was completely converted into per- 
mManganate, and it was noticed that this happened only when the 
standard manganese solution (in this case prepared from per- 
manganate) was slightly acidic. It was found impossible, however, 
toreproduce these conditions, as a very slight excess of acid over the 
alkali present in the hypochlorite caused decomposition to set in, 
Whereas a deficiency of acid did not favour complete oxidation 
of manganese. 

These indications that low alkalinity is a critical factor in the 
teaction find support on theoretical grounds. Kauffmann (“ Bleich- 
laugen und Bleichverlauf,” Z. angew. Chem., 1924, 37, 364) states 
that the activity of sodium hypochlorite is due to free hypochlorous 
acid, and that the condition of higher instability occasioned by a 
minimal alkali content is also that of enhanced activity. Again, 
assuming that it is peroxide of copper that catalyses the reaction 
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(and later observations seem to warrant this assumption), an 
appreciable hydroxyl-ion concentration would hasten its decom. 
position. 
. In view of the difficulty experienced in establishing and main- 
taining approximate neutrality during the course of the reaction 
by means of mineral acid, use was made of the solution of the 
double carbonate of sodium and copper (Aldridge and Applebey, 
J., 1922, 121, 238), which has a very slight alkalinity. Owing to 
the buffer action of this solution, the addition of the alkaline 
hypochlorite does not appreciably alter the py value of the solution. 
2 C.c. of a solution containing 100 g. of anhydrous sodium 
carbonate and 40 g. of sodium bicarbonate per litre were warmed 
to 50°, and 3 c.c. of copper sulphate solution (containing 1 g. of 
CuO per litre) were added. Into this solution was poured quickly a 
measured quantity of manganese salt solution, the liquid shaken, 
and, before any signs of turbidity appeared, 5 c.c. of 5N-sodium 
hypochlorite were added from a burette, whilst the flask was shaken. 
The liquid was diluted to 50 c.c., gently heated until freely effer- 
vescing, and then boiled for 3 minutes. Filtration through an 
asbestos—glass wool filter was followed by the addition of 1 c.c. of 
hypochlorite and 0-5 c.c. of saturated sodium bicarbonate solution. 
The solution was then cooled, made up to a known bulk, and the 
permanganate estimated colorimetrically. 


‘ Hi. i. fy. 7. vi... Vil. 


Manganese salt present ...... 1:02 2:04 3-07 400 4:00 4:00 S11 
Permanganate formed 2:09 3:17 4:01 3:93 4:02 516 


If the hypochlorite is not added immediately after the manganese 
salt has dissolved in the double sodium copper carbonate solution, 
the solution becomes turbid, and the amount of permanganate 
subsequently formed is decreased, as shown by the following 
figures (VIJ[I—XII). 

VIIT. IX. X. XI. XII. XII. XIV. 


Manganese salt taken 2:04 2:04 3:06 3:07 3-07 4:00 400 
Permanganate formed 1:86 1-73 2-80 2-85 2-81 3-79 3:89 


A somewhat lower result for permanganate was also obtained if 
only 1 minute’s boiling (instead of the usual 3 minutes) was given 
after reaching the stage of free effervescence (Nos. XIII and XIV). 
- When the modified procedure described above was applied to 
cobalt, considerably less permanganate was formed and appreciable 
quantities of cobalt remained in solution, rendering colorimetric 
estimation difficult, owing to the difference in tint between the 
standard and the sample. 

The filtrates I—VII were tested for copper. They were evapo! 
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ated to dryness and the residues were dissolved in dilute acid, any 
copper present being separated as sulphide and estimated colori- 
metrically as copper pyridine thiocyanate (Spacu, Bul. Soc. Stiinte 
Cluj, 1922, 1, 284). Only traces of copper were found, and these 
did not affect the tint of the permanganate. 


VI. 
Mn salt taken il. Nil. . . 4:00 13-32 
Cu salt taken {as mg. CuO)... 3-12 3°12 31% 3: 3°12 1-04 
Cu salt in filtrate (as mg. 
0-01 0-08 ‘08 0-06 0-03 


When sodium hypochlorite is added to the double copper carbonate 
solution alone, the solution acquires a deep yellow colour, and 
gradually deposits a buff precipitate, which, on heating, is converted 
into a dense black precipitate. ‘This behaviour emphasises another 
advantage of the use of the double copper carbonate in the reaction 
under study, viz., the introduction of the copper into the reaction 
mixture in a form which is soluble and not readily precipitable. It 
was found that, if the copper had once become separated as a brown 
flocculent precipitate (e.g., by the method described on p.1471, and 
in the presence of considerable alkali), the dense black precipitate 
phase did not occur, and the amount of permanganate formed was 
far from theoretical, nor could it be appreciably increased by further 
treatment of the residue. This is in agreement with the work of 
Miller (Z. anorg. Chem., 1907, 54, 417) on the formation of copper 
peroxide by the action of hypochlorite on copper oxide, who found 
that he could obtain the yellow peroxide only by the use of a clear 
blue alkaline solution of copper oxide. When a suspension of cupric 
hydroxide in alkali was used, he could not observe the formation of 
either the yellow copper peroxide or the black copper oxide phase. 

When the method described above was applied to larger amounts 
of manganese (above 8 mg. MnO), the quantity of permanganate 
formed did not reach the theoretical value (XV—XIX). 


XV. XVI. XVII. XVIII. XIX. 
Manganese taken 13-33 13-07 13°33 13-33 13-33 
Permanganate formed 12-00 12-23 11-82 12-23 11-68 


It was thought that this might be due to the premature decom- 
position of the buffer solution by loss of carbon dioxide before the 
comparatively large quantity of manganese had been converted to 
permanganate. To retard this loss as far as possible, the experi- 
ments were repeated, a stream of carbon dioxide being passed 
through the solution during the heating. At the end of 3 minutes’ 
heating, and without check in the passage of the gas, a further 


10 c.c. of sodium hypochlorite were added from a burette. After 
3D2 
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a further 2 minutes’ heating the solution was filtered, and the 
permanganate estimated as before (XX—XAXIII). 


XXII. XXII. XXII. 


Manganese taken . 9-84 13-33 13-33 
Permanganate formed . 9-84 13-22 13-30 


By this modified method practically all the manganese was 
converted to permanganate, as in the case in which smaller quan- 
tities of manganese were taken. Owing to the difficulty of estimating 
colorimetrically permanganate corresponding to more than 15 mg. 
of MnO, the method was not applied to amounts greater than this. 

Reversibility of the ReactionWhen known amounts of per- 
manganate were heated with approximately equivalent quantities 
of copper as double carbonate and with hypochlorite, no decrease 
in the amount of permanganate could be detected colorimetrically, 
and the precipitates, when tested by the bismuthate process, 
indicated only traces of manganese. It appears, then, that the 
reverse reaction is negligible in the case of copper, although when 
cobalt is substituted for copper an appreciable amount of per- 
manganate is reduced. 

Ratio of Manganese to Copper.—The most effective ratio of copper 
to manganese is not so well defined as is the case with other factors, 
and varies considerably according to the circumstances. For 
moderate amounts of manganese (1—5 mg. MnO), the presence of 
the equivalent quantity of copper leads to the best results, but with 
larger amounts of manganese the presence of approximately 
equivalent quantities of copper is not favourable to complete 
precipitation of the copper. Again, a large surface area of catalyst 
results in a relatively rapid decomposition of hypochlorite without 
perceptibly hastening the permanganate formation. This would 
have the effect of rendering the curve (Fig. 1) less steep, and delaying 
the attainment of the maximum value. With moderate amounts 
of manganese and very small quantities of copper, permanganate 
formation is incomplete, e.g., 4:22 mg. MnO and 0-10 mg. CuO 
yielded permanganate equivalent to 3-70 mg. MnO. The pre- 
cipitate was separated, washed, and heated with more hypochlorite, 
yielding a further 0-36 mg., and a third treatment of the precipitate 
gave 0-05 mg. 

Increase in the ratio of cobalt to manganese shows a marked 
tendency to decrease the amount of permanganate formed. 

Limit of Delicacy for Detection of Manganese—The minimal 
quantity of manganese that could be detected by this method 
appeared to depend on the amount of permanganate capable of 
producing a visible tint: Manganese equivalent to 0-002 mg. MnO 
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was converted to the theoretical amount of permanganate. For 
this purpose only 0-5 c.c. of sodium hypochlorite and 0-2 c.c. of 
sodium copper carbonate solution were used; a larger quantity of 
hypochlorite tended to mask the permanganate colour with a 
yellowish tint. 

Mechanism of the Reaction.—It is evident that there is a pro- 
nounced difference between the functions of the copper oxide and 
of the cobalt oxide in this reaction : 

(1) The hydroxyl-ion concentration, which is so critical a factor 
in the case of copper, appears to be comparatively unimportant in 
the case of cobalt, although large concentrations of alkali are 
prejudicial to permanganate formation. 

(2) Other conditions being favourable, moderate amounts of 
manganese salts can be completely oxidised to permanganate in the 
presence of copper, independent of the amount of manganese 
present. When cobalt is used, however, the proportion of per- 
manganate formed decreases in a regular manner with increasing 
amounts of manganese. 

(3) The form and the mode of action of the precipitates of cobalt 
and copper differ in several respects. That of cobalt is flocculent, 
finely divided, and difficult to filter, and promotes copious evolution 
of oxygen from the hypochlorite throughout the reaction. The 
copper precipitate, at first flocculent, soon passes into a dense black 
residue, easily separated, and becomes considerably less active 
as regards hypochlorite decomposition after the formation of the 
permanganate has taken place. 

(4) The cobalt, when used in the form of the double sodium 
carbonate, cannot be completely separated from the solution by 
boiling, as is the case with moderate quantities of copper. 

It is suggested that the following probably represents the course 
of the main reaction, and is in agreement with the facts described in 
the foregoing pages. The first effect of the hypochlorite is to form 
copper peroxide and hydrated manganese dioxide. The oxidation 
of manganese dioxide to permanganate, which can proceed in the 
presence of manganese alone, is greatly accelerated by the copper 
peroxide, which gives up its active oxygen, possibly through the 
intermediate formation of an unstable compound of copper and 
manganese,* and is reconverted to the cupric form. At this stage 


* Some evidence for the existence of such an unstable intermediate com- 
pound is afforded by the following observations. If the manganese and 
copper salts are separately warmed with hypochlorite before mixing, and the 
combined solutions heated with a further quantity of hypochlorite, the amount 
of permanganate formed is much less than that obtained by the action of 
hypochlorite on the mixed salts. 
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much of the hypochlorite has been decomposed, and the hydroxyl- 
ion concentration, due to the alkali which is necessarily present in 
the hypochlorite solution, becomes an important factor. The 
excess of hydroxy] ions has an inhibitive effect on the formation of 
fresh copper peroxide, and the main reaction is arrested. If, 
however, the carbonate—bicarbonate mixture is used, (i) its buffer 
action renders the influence of the alkali negligible, and (ii) owing 
to the delayed precipitation of the copper, much of the earlier part 
of the reaction takes place in the liquid phase, and the oxidation of 
the manganese proceeds to completion. 


BaATTERSEA PoLyTECHNICc. [Received, March 28th, 1927.] 


CXCIX.—The Activation of Wood Charcoal by Pro- 
gressive Oxidation in Relation to Bulk Density 
and Iodine Adsorption. 


By ALBERT BRAMAH PEARCE PAGE. 


PROGRESSIVE oxidation of wood charcoal alters its sorptive 
capacity, but a systematic study of this alteration requires a stock 
material, the properties of which do not vary much from one 
charge to the next. To make a standard charcoal from a pure 
chemical compound, it may be sufficient to fix the conditions of 
carbonisation, but this is not true for wood charcoal, on account 
of the heterogeneity of wood. Accordingly, in the present work, 
the conditions of carbonisation were fixed only approximately, 
exact similarity of every quantity of charcoal taken for subsequent 
treatment being ensured in the following way. 

The wood was carbonised in the form of cubes, which were 
so small that there were a very large number in a furnace charge. 
Since these cubes were roughly mixed and the conditions of 
carbonisation fixed approximately, it is likely that the charcoal 
from the different charges was fairly uniform. Each of these 
charges of charcoal was then most thoroughly mixed with all the 
other charges according to a definite plan, thus rendering it 
extremely probable that any one portion taken for subsequent 
treatment was a representative sample. 

The standard charcoal was oxidised at various temperatures 
by a slow stream of air or of an oxygen-nitrogen mixture rich in 
nitrogen. This mode of oxidation was chosen because (a) it was 
a natural development from earlier rough experiments with crucibles 
more or less open to air; (5) it was readily controlled by varying 
the proportion of oxygen in the gas stream, and it allowed all the 
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important variables to be fixed; and (c) it seemed likely to lead 
to the most simple series of reactions. 

The labour and time involved necessitated the examination of 
the treated charcoals by simple methods. Those chosen as being 
the most informative were the ‘“‘ bulk density ”’ test and the deter- 
mination of the removal of iodine from solution in benzene. These 
two simple tests were applied to a very large number of charcoals, 
all made from the standard stock. 


EXPERIMENTAL. 


Preparation of Stock Charcoal——Birch wood, cut into rough 
1-inch cubes, was carbonised in a horizontal silica tube closed 
with asbestos wool. The tube was kept in a well-lagged electric 
furnace for 4 hours, after which it was withdrawn, allowed to cool 
for about 4 hour, and then unloaded. The furnace kept the interior 
of the tube at 400° in the absence of any charge. The charcoals 
obtained from 64 charges—each of which was bottled separately— 
were thoroughly mixed according to a plan which will be apparent 
from the following description for the first 8 charges. Each of 
the original charges 1, 2, 3, . . . 8 was divided into 8 equal parts 
a, b, c,...h. Parts la and 2a were mixed, giving 1.2(a). 
Similarly the mixed parts 1.2(b), etc., and 3.4(a), 3.4(b), up to 
7.8(a), (b) . .. (h) were obtained. Then the parts 1.2(a) and 
1.2(b) were themselves mixed, giving 1.2(a.b), the corresponding 
parts from the other charges being similarly treated. Repetition 
of this process gave the four mixed charges 1.2(a.b.c . . .h), 
3.4(a.b.c ...h), 5.6(a.b.c ...h), and 7.8(a.b.c ...h), which 
were now called (1.2), (3.4), (5.6), and (7.8). Each of these was 
divided into 16 equal parts, which were then mixed as before to 
give, after several mixings, the two mixed charges (1.2.3.4) and 
(5.6.7.8). Each was divided into 32 equal parts, which were then 
mixed in the same manner to give eventually the mixed charge 
(1.2.3.4.5.6.7.8). The mixed charge (1.2.3 . . . 64), when sieved 
free from dust, was the stock charcoal, the oxidation of which 
has been studied. 

Conditions of Heat Treatment.—(i) Temperature. The temperature 
of the charcoal during heat treatment was taken as that given by 
a platinum-rhodium couple the junction of which was immediately 
over the pile of charcoal. Occasional regulation of a long and 
well-lagged wire resistance furnace prevented fluctuations of more 
than 5° from the required value. 

(ii) Atmosphere. Mixtures of oxygen and nitrogen at atmo- 
spheric pressure were passed at known rates over the charcoal. 
The oxygen contents (by vol.) of mixtures 1, 2, 3, and 4 were, 
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respectively, 21, 10, 2, and 0-5%, the first being air, and the other 
three being supplied in cylinders by the British Oxygen Co., Ltd. 
—these were analysed in a Bone-Wheeler apparatus. In a short 
experiment, the effect of the oxygen in the 0-5% mixture appeared 
to be negligible. There was no reason, therefore, to use pure 
nitrogen. 

The rate indicator was a sulphuric acid bubbler with a jet ground 
off square. It was protected on both sides, and the complete 
train was calibrated, yielding a curve showing the rate of delivery 
of gas in litres per hour corresponding to the number of bubbles 
per minute. The bubbler was quite suitable for the slow rate of 
0-7 litre per hour which was nearly always used. Regulation of 
the rate of mixtures 2, 3, and 4 was obtained by the main needle 
valve. This required altering every 2—4 hours. Mixture 1 (air) 
was taken under a pressure of a few inches of water from the two 
15-litre bottles A,A (Fig. 1). Rate regulation was effected by 
the cock shown, whilst the ‘stabilising cock’’ served as a steadying 
resistance to ensure even bubbling. The actual volume of air 
used was read from a scale on one of the bottles, which showed the 
combined contents of the bottles for various water levels. 

(iii) Time of treatment. To define the time of treatment, the 
charcoal must be both heated and cooled quickly. The long 
horizontal containing tube (Fig. 1) was carried on platforms which 
formed a trolley running beyond the furnace at either end. To 
perform an experiment, the trolley was pushed to the left (as in 
the figure) and the cooling fan switched on. The weighed charge 
(27 g.) was loaded into the tube and pushed into a conical heap 
in the position shown. The tube was closed with water-cooled 
bungs, lubricated with glycerol, one carrying the thermo-couple, 
and the other the exit tube, which led to the trap and guard bubbler, 
and to the pump. ‘The gas entered by a T-piece connected also to 
a closed manometer. which was used in the preliminary displace- 
ment of air by three alternate evacuations and fillings with gas. 
The bubbling rate was adjusted and the cooling fan switched off. 
The voltage across the furnace was raised from its normal value 
to that of the main, viz., 220 volts. The trolley was pushed to 
the right, so as to bring the charcoal into the middle of the furnace. 
The annular space between the containing tube and the furnace 
was closed at both ends with asbestos wool. In about 15 minutes 
the current was altered to that needed to maintain the desired 
temperature. The treatment was considered to have begun when 
the temperature had risen to within 10° of that required, and to 
have ended at the moment the trolley was run back to the left 
and the cooling fan switched on. Within 5 or 10 minutes, the 
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temperature indicated had fallen to 400°. At this temperature, 
activation is very slow. At 50° the treated charcoal was raked 
into a tared beaker and weighed. 

(iv) Other variables. Variable conditions, such as size and shape 
of charcoal particles and disposition of apparatus, affecting the 
circulation of gas among the particles, were maintained roughly 
constant. Doubtless such irregular results as were obtained were 
partly due to these variations, which would be most marked when 
but little charcoal remained unburnt. 

Examination of the Treated Charcoals.—After the selection of 
12 representative cubes, the remainder were broken up to give a 
maximum yield of particles between 10 and 20 to the inch. Each 
block was cut into ;',’’ sections, across the grain. The charcoal 
retained by the “10” sieve after this treatment was placed a 
little at a time in a flat mortar and tapped lightly. Most of it lay 
on its end grain and so split into small cubes instead of the usual 
thin strands or powder. The charcoal which passed the “20” 
sieve was ground in a glass mortar to yield equal quantities of 
** 100—200 ” and “less than 200” charcoal. The ‘‘ 10—20”’ size, 
intended for gas adsorption, has not yet been used. The ‘‘100—200” 
size proved convenient for “‘ bulk-density ” tests. The “less than 
200°’ size was used for sorption from solution. 

Determination of bulk density. About 6 c.c. of the ‘‘ 100—200” 
charcoal spread over the bottom of a flat weighing-bottle remained 
over calcium chloride in a vacuum desiccator for about 12 hours. 
It was then weighed and transferred from glazed paper by a brush 
to a narrow test-tube of 7 c.c. capacity, graduated in tenths of a 
e.c. This tube was held vertically at one end of a horizontal arm 
which was pivoted at the other end, 21} away. The arm carried 
a pin, bearing on a cam driven at 100 r.p.m. by a shunt motor, 
and so shaped that the arm and tube were gently raised and then 
given a clear drop of 1” at every revolution. After 15 minutes, 
i.e., 1500 “taps,” the tube was removed and the “ bulk volume ” 
of the charcoal read to 0-02 c.c. after carefully levelling the surface 
by striking the tube gently at the side with the finger. The tube, 
replaced in the “ tapper,’’ was given a further 500 taps, and the 
volume read again. Agreement worse than 0-01 or 0-02 c.c. indicated 
incomplete drying or sieving, and hence the need for a complete 
redetermination. The weight of the charcoal (in mg.) divided by 
* the bulk volume (in c.c.) gives the bulk density. 

Determination of activity or sorptive capacity. The iodine used 
was purified in the usual way and tested by titration against sodium 
thiosulphate solutions standardised against pure recrystallised 
potassium dichromate. The benzene was purified according to 
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Richards and Shipley (J. Amer. Chem. Soc., 1914, 36, 1825; 1919, 
41, 2002). The solutions of iodine in benzene were estimated by 
direct titration with sodium thiosulphate in presence of aqueous 
potassium iodide. As seen by a “ daylight” lamp, the disappear- 
ance of the pink colour from the benzene layer was quite sharp 
even with N/100-solutions. Fifty or 100 determinations were 
made at a time by the following method. Soft-glass test-tubes 
were cleaned, dried, numbered, and weighed, and about 0-25 g. 
of charcoal was weighed roughly into each. After drying in a 
vacuum desiccator, the tubes were quickly stoppered with com- 
pressed cotton wool, which was not removed until a rider adjust- 
ment sufficed to complete the weighing. The weighed tubes were 
placed in a numbered rack and each was drawn out. After solution 
had been added in the proportion of 100 c.c. per g. of charcoal, the 
tubes were sealed with a hand blow-pipe. After being shaken for a 
definite period, each tube was tapped so as to remove charcoal 
and solution from the tip and then put in its place in a numbered 
rack. Soon the suspended charcoal settled, the tip was cracked 
off, and the clear solution decanted and titrated. 

Nomenclature. All the treated charcoals are numbered as 
follows. First, a number expressing the temperature at which 
the charcoal was treated, e.g., 500, 600 . . . 900; secondly, separ- 
ated from it by a stroke (/), a number, of four digits, expressing 
in litres the total volume of oxygen, at atmospheric pressure and 
room temperature, passed over the charcoal at the standard rate 
of 0-7 litre per hour, e.g., /00-01 or /12-30. Thus, a charcoal treated 
at 0-7 litre per hour for 10 hours at 600° with gas containing 2°, 
of oxygen would be labelled 600/00-14. If a rate other than 0-7 
litre per hour were used, a special note is added, e.g., 500/02-38 
(14 1./hr.). 

Properties of the Treated Charcoals——(1) Appearance. Every 
block appeared shrunken. The following general statements may 
be made: (a) For 2 or 3 litres of oxygen or less, the charcoal was 
harder and, although still definitely black, had acquired a slight 
lustre. This was most pronounced at high temperatures. (b) For 
4 or 5 litres of oxygen or more, the charcoal seemed softer. (c) At 
500° and 600°, the charcoal burnt away much as sticks in a bonfire 
with a large, loose, white ash. When separated from this, and 
cut or powdered, the charcoal was sooty black. The three heavily 
oxidised charcoals treated at 600°, 600/10-29, 600/14-33, and 
600/20-58, were very soft and broke up to an intensely black soot. 
(2) At 800° and 900°, the charcoal burnt away without much separ- 
ation of loose ash. The cubes compacted and decreased in size 
until there remained a tiny grey cube; this was very fragile¥but 
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was sometimes removable from the tube, and must have been 
nearly all ash. The heavily oxidised charcoals were soft but not 
sooty. Those treated at 900° were noticeably flaky. (e) The 
700° charcoals seemed intermediate between those mentioned in 
(c) and (d). 

(2) Rate of sorption of iodine from benzene solution, and the ageing 
effect. In all the experiments with freshly treated charcoal the 
duration of shaking was 22 hours. According to Davis (J., 1907, 
91, 1663), McBain (Trans. Faraday Soc., 1919, 14, 202), and others, 


Fia. 2. 


Rate of sorption of iodine from N/10-solution in benzene by four different 
charcoals. 
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adsorption should be complete in a shorter time, and absorption 
not noticeable until after a much longer time. Some peculiar 
isotherms for charcoals prepared at 600°, 700°, and 800° with little 
oxygen threw doubt on this. Accordingly, it. was decided to 
determine the rate of sorption from N/10-solution by the four 
typical charcoals 800/12-50, 800/01-49, 800/00-76, and 800/00-01. 
The results are plotted in Fig. 2. 

The distinction between ad- and ab-sorption is not clear. Although 
the order of figures is the same at 22 as at 150 hours’ shaking, yet 
the absolute values are very different. In particular, the figure for 
charcoal 800/00 01 at 22 hours is 6% low. Evidently the /00-01 
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charcoals are exceptional. The contention of Herbst that a slow 
rate of sorption is due to a high density is not upheld. Other 
factors must be more important, for the bulk densities of 800/00-01, 
/00-76, and /01-49 are about the same. McBain’s “cleaning” of 
the surface is possibly one such factor. There is an undoubted 
ageing effect which may account in part for the slow rate of sorption. 
It will be seen from the general tables that the sorption from N /5- 
and N/10-solution, after shaking for 150 hours with charcoals which 
have aged, is less than that brought about by shaking for 22 hours 
with freshly treated charcoals. But this ageing effect cannot 
account entirely for the slow rate, for the sorption from N/20- 
solutions is about the same, whilst from N/50-solutions it is greater 
when brought about by shaking for 150 hours with aged charcoals 
than for 22 hours with fresh charcoals. This would probably be 
even more marked at higher dilution. The ageing effect is irregular, 
for although the individual isotherms for aged charcoals with long 
shaking are smoother than the others, yet the isotherms for a series 
of charcoals are related for the short period and unrelated for the 
long period. There is no evidence indicating the cause or nature 
of the effect. It may possibly correspond, in part, to the formation 
of a stable carbon—oxygen complex from the catalytic carbon surface 
and adsorbed oxygen (see Rideal and Wright, J., 1925, 127, 1347). 

(3) Influence of the rate of passage of gas. This can be deduced 
from the general tables (for eight charcoals), but is of little interest. 
It is noteworthy, however, that, for a given percentage yield, the 
charcoals prepared with a fast gas stream are less active than those 
with a slow stream. It is possible that at the fast rate either some 
of the active carbon may be removed mechanically, or, since there 
may be more oxygen available at any instant, more of the active 
carbon formed (or freed) is burnt away or perhaps covered with a 
“Langmuir film ” of firmly attached oxygen. 

(4) Significance of the total amount of oxygen. It was soon found 
that the properties of charcoals treated at any one temperature 
with a gas stream of 0-7 litre per hour depended almost solely on 
the total amount of oxygen passed, and if this was kept constant, 
they varied comparatively slightly with the joint alteration of time 
of treatment and oxygen concentration. This is shown in Table I, 


TaB_e I. 
Activity towards N /10-solutions. 


Charcoal treated Charcoal treated 
Name of charcoal. 4 hours in 2% O,. 16 hours in 05% Og. 
400/00-06 7-4 8-0 
600 /00-06 39-9 40:0 
900/00-06 4:9 5-6 
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the change in activity when the total oxygen is constant being 
within the limits of experimental error. At the same time, during 
long experiments there was probably some distillation, and the 
effect of the change of oxygen concentration from 21% in Mixture 1 
to 0-5% in Mixture 4 cannot have been entirely negligible. 

(5) Effect of temperature change and variation in the total amount 
of oxygen. The yield of charcoal treated at any one temperature 
falls off directly with increase in the total volume of oxygen passed. 
There is a tendency for it to fall less quickly when but little char- 


Fig. 3. 
Variation of bulk density with degree of oxidation of charcoal. 
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coal remains unburnt, and less quickly at low than at high tem- 
peratures. These changes can be seen by plotting the data given 
in the main tables. 

The Bulk-density Curves—In Fig. 3 is shown the variation of 
bulk density with oxidation at 500°, 600°, and 900°. It will be 
seen that the bulk density of charcoals treated at 500° is nearly 
constant and independent of the amount of oxygen used. That 
of charcoals treated at 600° and 900° falls off regularly with oxid- 
ation. With excessive oxidation the bulk density of the charcoals 
treated at 600° eventually rises after passing through a minimum. 
This rise is probably due to a very high ash content, most of the 
carbon having been burnt away. Associated with it is a low 


6s pi aR meee 


OXIDATION IN RELATION TO BULK DENSITY, ETC. 1485 


activity towards N/10-iodine solution. The irregular fluctuations 
of the bulk density of slightly oxidised charcoals are probably 
fortuitous. The curve for charcoals treated at 700° is similar 
to the 600° curve. The 800° curve flattens at the highest degree 
of oxidation used and would probably rise with further oxidation. 


Sorption of Iodine from Benzene Solution. 


(i) The “‘ Freundlich ’’ Constants——To characterise the activity 
of each treated charcoal, adsorption isotherms have been obtained 


Fie. 4. 
Typical logarithmic adsorption isotherms for charcoals treated at 600°. 
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with iodine in benzene solution. The concentrations used were 
N/5, N/10, N/20, N/50, and N/100 with 22 hours’ shaking, and 
N/5, N/10, N/20, and N/50 with 150 hours’ shaking. The con- 
centration in the solid phase, C's, is expressed in terms of c.c. of 
N/100-solution containing the iodine adsorbed per g. of charcoal ; 
and that in the liquid phase, Cz, is similarly expressed per 100 c.c. 
of solution. No account has been taken of the removal of the 
benzene by the charcoal. Curves were drawn showing the change 
of log.) Cs with log,, Cz, for each charcoal. Most of these curves 
are fair straight lines, and from them have been calculated the 
constants in the Freundlich equation (Cs = kC';1/"), k being the 
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concentration in the solid phase when that in the liquid is equal 
to unity, and 1/n the slope of the line. The three curves in Fig. 4 
are representative of those obtained from experiments with 22 hours’ 
shaking. With 150 hours’ shaking, there was, on the whole, con- 
siderably closer approximation to the straight line. The curve for 
charcoal 600/00-01 is an extreme example of the curvilinear form 
obtained with very slightly oxidised charcoals treated at tem- 
peratures below 850°. Most of the charcoals treated at 500° give 
similar curves. The other two curves are fair samples of the bulk; 
that of charcoal 600/02-35 is the first of the 600° curves from which 
constants have been calculated. 

The interpretation of the changes in these constants (k and 
1/n) depends, in the first place, on the following considerations. 
For any one isotherm, 1/n is a characteristic constant and depends 
only on the ratio of the units chosen for Cs and for C,. Its variation, 
from one isotherm to another, is not even dependent on the par- 
ticular value of this ratio, provided this is kept constant. On the 
other hand, & depends on the magnitude of the units chosen. 
Further, since two isotherms will cross each other at concentrations 
higher or lower than C, = one unit, according to the magnitude of 
the unit, therefore the relative value of k for the. two isotherms 
will also change. Now C, is expressed in very small units, so that 
it happens that the crossing point of most of the isotherms is at 
liquid concentrations higher than Cz; =1. (This can be seen by 
plotting, and follows also from the reciprocal variation of the 
constants from one isotherm to another, which is most marked— 
see curves in Fig. 5.) Hence a change in the value of k, accom- 
panied as it is by a reciprocal change in the value of 1/n, actually 
indicates a change in sorption at low concentrations, whilst the 
magnitude of 1/n indicates the extent to which the sorption falls 
off at higher concentrations compared with simple proportionality. 

(ii) Variation of the Constants with Temperature and Total Amount 
of Oxygen.—For 22 hours’ shaking, the variation of k and 1/n with 
the volume of oxygen passed over the charcoal at 600°, 700°, 800°, 
850°, and 900° is shown by the curves in Fig. 5. The scales of 
plotting are, of course, arbitrary; therefore, the maxima and 
minima and the points of inflexion are the only characteristic 
features. The curves for 600° are traced no nearer to the zero 
oxygen axis than 2-35 litres of oxygen, because the shape of the 
isotherms of the less oxidised charcoals did not permit the evaluation 
of the constants. The values for the slightly oxidised charcoals 
at 700° and 800° are from lines on the logarithmic graphs drawn 
through points derived from measurements with N/5-, N/10-, and 
N/20-solutions, the experiments in which the shaking was pro- 
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longed to 150 hours having shown that the systems with the more 
dilute solutions were probably far short of equilibrium. Very few 
of the 500° charcoals give isotherms from which constants can be 
calculated even after the long period of shaking. This slowness 
in attaining equilibrium was one of the important points brought 
out by the experiments with long shaking. The other was the clear 
demonstration of the ageing effect. Unfortunately, as previously 


Fic. 5. 
Change of Freundlich constants with degree of oxidation of charcoal, 
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mentioned, the irregularity of this effect has concealed the relations 
of the constants obtained from these experiments with 150 hours’ 
shaking. 

The reciprocity of the k and 1 /n curves shows, as already stated, 
that, in general, the isotherms cross one another at concentrations 
higher than Cy =1, i.e., higher than C,=0-0001N. On com- 
paring all the isotherms, many crossing points will be found between 
Cy = 0:0002N and 0-193N, i.c., within the range which includes 
V/10-, N/20-, and N/50-solutions, one of which is frequently used 
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for determining activity (compare Ruff, Z. angew. Chem., 19235, 
38, 1164; Berl and Wachendorff, Koll. Z., Special No., April, 
1925, pp. 36—40). From this it follows that determinations of 
activity made at only one concentration are, in general, misleading. 

The curves obtained by plotting & and 1/n as ordinates against 
volumes of oxygen as abscisse are steepest near the zero oxygen 
axis. There is a family resemblance between the curves at the 
five temperatures. On the zero oxygen axis, the highest value of 
k is probably at 600°, as indicated by the dotted line suggested for 
the shape of the 600° curve over the range where no figures are 
obtainable. From 600° the initial value of k decreases continuously 
with temperature to a very low value at 900°. The subsequent 
fall of & with increasing value of oxygen also varies with tem- 
perature in the same sense from 600° to 850° inclusive. At 850°, 
the fall is small, whilst at 900° it is non-existent; k, at that tem- 
perature, increases continuously with the volume of oxygen from 
its very low initial value to about the same as that attained by the 
800° curve. This continuous increase in k, which forms the whole 
curve at 900°, corresponds to the only clearly marked feature of 
the curves at the other temperatures after the initial fall in the k 
values has been passed. The curves at 700° and 800° certainly 
have a more complicated form, but it cannot be decided whether 
this is due chiefly to experimental error or not. It is rather remark- 
able that these derived curves, expressing the properties of so 
variable a substance as charcoal, should show resemblances as clearly 
as they do. The1/n curves exhibit somewhat similar resemblances. 

The extent of the variation of 1/n is surprising when it is recalled 
that the charcoals which show it have all been prepared from the 
same stock charcoal; for the magnitude of 1/n expresses, as already 
stated, the extent to which sorption falls away at high concentrations 
from simple proportionality, and must indicate a change in type 
or disposition of surface rather than the mere enlargement which 
might be expected to result from progressive oxidation. 

Strictly, since & and 1/n are characteristic of the whole system 
and not of the charcoal alone, it is difficult to interpret their changes 
in terms of changes in the charcoal. (It may be recalled that 
Firth, 7'rans. Faraday Soc., 1921, 16, 434, found that the constants 
for the system iodine-benzene-charcoal differed from those for the 
system iodine-chloroform-charcoal.) Besides this difficulty, there 
is the solvent correction, which is uncertain, although of little 
importance at the low concentrations used. If, however, the 
constants / and 1/n are conceded to be relatively characteristic of 
the charcoal, then the following suggestions may be put forward 
to account for their variation. 
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Theory of the Variation of the Freundlich Constants.—The changes 
from one charcoal to another, which may be responsible for the 
observed variation of k and 1/n, will first be considered. Since 
the solution wets the charcoal there must be a definite attraction 
between the two. Further, the equilibrium concentration of iodine 
in the bulk of the solution is less than that at the solution—charcoal 
interface; hence, there is a decrease of surface energy accom- 
panying adsorption, and more energy is liberated in the adsorption 
of iodine by the charcoal than in the adsorption of benzene. This 
will hold whatever be the mechanism of the adsorption, whether 
the attracting field of force above the charcoal surface is uniformly 
distributed over the surface or localised at active spots, whether 
it extends for only one molecular diameter or for many, or whether 
it varies so that in effect only every x atoms of carbon can attract 
one adsorbed molecule. An increase of available surface per gram 
of charcoal would merely increase the value of k. 

A change in the value of 1/n would entail either (i) a change 
in the field of force, involving the creation of, or an alteration in, 
an interference effect between the .adsorbed molecules; or (ii) a 
change in the relative importance of two or more types of attraction. 

It is easy to see that (i) might be brought about either by a 
molecular rearrangement of the surface producing a change in the 
closeness of packing of the adsorbed molecules or by a change in 
the disposition of the available surface producing locally, according 
to the size and shape of the capillaries, a change in the closeness of 
packing. 

Since adsorption depends on the specific attraction of the carbon 
in charcoal, it follows that if there is more than one type of carbon, 
as Chaney assumed (i.e., presumably, more than one type of crystal 
lattice), then a change in the proportions of these types would 
bring about change (ii) above. 

Rideal and Wright (loc. cit.) distinguish three types of surface, 
and it may be that investigation of the charcoals on the lines of 
their method would have furnished a satisfactory characterisation. 
The attempt, however, has been made to interpret the results 
obtained in the present investigation on the basis of change (i) 
above. 

A brief summary of the variations of & and 1/n is of use in con- 
sidering the corresponding variations in the charcoal: (i) 1/n 
varies from one charcoal to another; (ii) & and 1/n vary reciproc- 
ally, as arule; (iii) # and 1/n always vary simultaneously ; (iv) the 
k and 1 /n curves for 600°, 700°, 800°, and 850° charcoals can most 
readily be built up from simple curves of two quantities, one of 
which decreases, whilst the other increases with oxidation. Now 
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bulk density decreases with oxidation, except that with excessive 
oxidation it has been shown for charcoals prepared at 600° and 
700° to increase again after passing through a minimum. Philip, 
Dunnill, and Workman (loc. cit.), and others, have correlated bulk 
density with activity, and have suggested that with decrease of 
bulk density there is an increase of available surface which accounts 
for the observed increase in activity. This view seems reasonable, 
and is further supported by the present work if we exclude for the 
moment those charcoals prepared with very little oxygen, 1.e., less 
than 1 or 2 litres, at temperatures below 900°. In particular, the 
view is supported by the decreasing sorption (from N /10-solution *) 
which accompanies increasing bulk density of the most highly 
oxidised charcoals prepared at 600° and 700°. If this view is 
accepted, then both the increase of k and the decrease of 1/n receive 
a reasonable explanation. We have only to picture, along with 
the increase of the extent of surface, a change in the disposition 
which would increase the packing effect. This packing effect would 
obviously be more important at high than at low concentrations, 
so its increase would lead to a decrease of 1/n. It is easy to see 
that if the oxidation increased the surface by rendering more and 
more capillaries available, then in these capillaries a packing effect 
would not be unlikely. 

In seeking a quantity likely to decrease with oxidation, in order 
to suggest a change in the charcoal responsible for the changes in 
the first part of the & and 1/n curves, the rapidity of these changes 
must be borne in mind. The quantity must alter so as to bring 
about a large change at 600° and 700°, a smaller change at 800° 
and 850°, and none at all at 900°; further, its alteration must 
bring about these changes over a range of oxidation, over which 
other quantities, such as bulk density and yield, vary very little. 
It is suggested that this quantity must be the effective number of 
attracting centres per unit of surface. It may also be described as 
a particular configuration of the surface giving in effect a large 
number of active centres, and may correspond to what Chaney 
describes as a particular modification of carbon in an “ active” 
state. We may readily imagine that this quantity would have 
quite different values, initially, at different temperatures, as is 
required, varying from a low value or zero at 900° to a maximum 
at 600°. It is not difficult to see that the effect of oxidation might 
well be to decrease this quantity rapidly, either by the removal of 
the active centres (or the ‘‘ active carbon ’”’) or by the formation 
of a firm “ Langmuir adsorption compound.” Since the bulk 


* There was not sufficient charcoal left after oxidation to determine the 
sorption from solutions of other concentrations. 
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density of the unoxidised charcoals is high, therefore the available 
surface is probably small, so that the large number of active centres 
involves a large number of these centres per unit area, and there- 
fore favours a large packing effect, giving a low value of 1/n and 
a high value of k. The rapid decrease in the number of active 
centres with oxidation causes a corresponding decrease in k and 
increase in I/n. 


Iodine in benzene solution: 22 hours’ shaking. 
Percentage change in normality at various concentrations. 


Charcoal Bulk Yield, 
No. density. %. N/100. N/50. N/20. ; N/[5. 


500/00-01 302 76°6 44-2 14-7 
500/00-25 299 76:4 15-5 
500/00-46 296 76-4 15-8 
500/01-13 309 74:9 — 
500/01-83 295 73°8 15°8 
500/02-14 298 74:5 15-4 
500/03-76 296 69-4 16-0 
500/05-46 297 66-0 
500/09-01 296 60°8 
500/10-33 292 56-7 
500/12-50 294 53-0 
500/16-34 293 47-0 
500/23-63 285 31-2 
500/31-16 294 16-7 


600/00-01 322 741 
600/00-06 325 
*600/00-06 322 
600/00-22 326 
600/00-28 321 
600/00-42 316 
600 /00-59 
600/01-40 
600/02-35 302 
600/03-53 
600/10-29 
600/14-33 
600/20-58 
600/25-87 
+600/05-88 
$600/11-76 


700/00-01 
700/00-20 
700/00-39 
700/00-92 324 
700/01-74 316 
700/02:14 308 
700/04:22 289 
700/09:49 256 
700/12-39 236 
700/18-14 206 
700/21-06 199 
700/25°33 237 


* 16 Hours. itres per hour. ¢ 14 Litres per hour. 
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Charcoal Bulk Yield, 
No. density. %. N/100. N/50. N/20. N/10. N 5. 
800/00-01 333 38: 59-0 58°7 43-9 31-7 18-2 
800/00-11 315 . — 33-6 — 
800/00-21 313 . 95-4 33-7 21-1 
800/00-35 310 . 95°6 35°4 21-4 
800/00-76 331 : 84-9 41-0 23-2 
800/01-13 325 . —_ 38-4 22-8 
800/01-49 318 ; 96-6 20-5 
800 /02-77 293 2 97-6 22:3 
800/03-57 286 : 97-7 24-7 
800/06-91 256 39: ai 26-6 
800/08-84 240 32:5 97-6 25-9 
800/12-50 216 . 97-6 
800/15-48 210 : 97°8 


850/00-01 330 
850/00-09 321 
850/00°59 = 310 
850/03-05 291 
850/04-45 = 275 
850/05-67 266 


900/00-01 330 
900/00:06 327 
$900/00:06 =. 328 
900/00-22 326 
900/00-28 334 
900/00°59 319 
900/01:03 316 
900/02°35 296 
900/03-52 292 
900/05:88 279 
900/10-29 254 
900/14:70 210 
$900/05-88 296 
§900/11:76 276 ; a 


* In N/8-solution. { 16 Hours. { 7 Litresper hour. § 14 Litres per hour. 
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It must be admitted that the evidence for these changes from 
one charcoal to another with oxidation is not decisive. Further 
work is needed which should be sufficiently accurate to permit an 
examination of the & and 1/n curves in detail—an examination not 
warranted by the accuracy of the present work, which has, however, 
fixed the general shape of the curves with considerable certainty. 


Summary. 


A large quantity of wood charcoal has been prepared and mixed 
so as to give a substantially uniform product. 

Some 80 samples have been oxidised by oxygen-nitrogen mixtures 
under regulated conditions. The following properties of the 
oxidised charcoals have been determined: Appearance, bulk 
density, percentage yield, sorptive capacity for iodine in benzene 
solution, and rate of sorption. 

Sorption isotherms have been determined for 22 and for 150 
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Iodine in benzene solution : 150 hours’ shaking. 
Percentage change in normality at various concentrations. 


Charcoal Charcoal 

No. N/50. N/20. N/10. N/5. No. N/50. 
500/00-01 49-4 36-6 26-7 16-4 700/12-39 85-6 
500/00-25 47-1 34-8 16-7 700/18-14 85-7 
500/01:13 43-7 16-5 
500/02-14 44-2 17-8 800/00-01 61-6 
500/07-01 48-6 pba ee as 
soe S00/0LIS 765 
— =e 800/014) 70-9 
600/00-01 74-2 800/02:77 85-5 
600/00-06 77-5 800/03-57 84-9 
600/00-59 80-0 800/06-91 — 
600/01-40 70-9 800/15-48 88-1 
600/02-35 69-0 - 
600/03-53 75-5 : | 850/00-01 72-3 
600/10-29 764 — 29. -1 850/00-09 61-8 
600/14-33 80-8 850/00-59 69-6 
600/20-58 80-3 850/08-05 85-4 
700/00-01 91-4 850/04:45 84-8 
700/00-39 82:7 900/00-01 14-8 
700/00-92 79-8 900/00:59 33-0 
700/01-74 81-0 900/01:03 55-2 
700/02-14 81-9 900/03-52 72-5 
700/04-22 81:5 900/05-88 79-1 
700/09-49 84-6 900/10-29 89-7 
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Adsorption of iodine from benzene solution. 


Freundlich constants. 


22 hours’ 150 hours’ " 22 hours’ 150 hours’ 
shaking. shaking. shaking. shaking. 
Charcoal ————, ——. Charcoal 
No. I/n. k. 1/n. k. No. 1/n. Bs 1/n. 
600/00-01 0-126 156 800/01-13 0-333 ‘3 0-239 
600 /00-06 0-187 108 800/01-49 0-237 73-3 0-218 
600 /00-59 0-182 112 800/02-77 0-231 80-9 0-255 
600/01-40 0-197 97-7 800/03-57 0-240 3 0-274 
600/02°35 0-4: ‘3. 0-328 34:3 800/06-91 0-249 ‘7 0-288 
600/03-53 0-332 36-3 0-259 55-0 800/08-84 0-260 “ — 
600/10-29 0-5 34-3 0:250 53-9 800/12-50 0-281 ¢ = 
600/14-33 0-2 3. 0-251 64:1 800/15-48 0-279 79-4 0-314 
600/20-58 0-2 3 0-263 61-4 850/00-01 0-298 0-208 
700/00-01 0- 0-172 124 850/00-09 0-384 0-340 
700/00-20 0-2§ 53° — —  8650/00-59 0-372 0-309 
700/00-39 0-3% 3 0-191 115 850/03-05 0-250 0-283 
700/00-92 0°:332 50-0 0-189 108 850/04-45 0-252 0-283 
700/01-74 0-296 53- 0:215 82:0 850/05-67 0-254 a 
700/02-14 0-282 54-3 0-221 75-7 i vr 
700/04-22 0-270 58-9 0-242 69-3 Sop/00-22 O411 631 
700/12-39— — 0-257 72-9 999/01-03 0-300 29-2 0-350 
700/21-06 0-295 62-7 —  — 900/03-52 0-260 57-7 0-310 
800/00:01 — 0-268 52:0 900/05-88 0-255 ‘0 0-292 
800/00-35 0-261 3°8 0-227 75:9 900/10-29 0-246 85:3 0-267 
800/00:76 0-328 46-0 0-220 86-1 900/14-70 0-253 90-6 — 
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hours’ shaking for each oxidised charcoal over a range of con- 
centration from N/100- to N/5-iodine in benzene. 

An ageing effect has been observed. 

The isotherms are mostly parabolic. Their Freundlich constants 
have been plotted against degree of oxidation of the charcoal for 
five different temperatures. A study of these curves has led to 
suggestions explaining the changes in the charcoal with progressive 
oxidation. These suggestions are based on the views of Philip, 
Dunnill, and Workman, and of Chaney. 


I wish to thank Professor J. C. Philip, F.R.S., for suggesting the 
research, and for his subsequent help and encouragement. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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CC.—The Heat of Adsorption of Gases by Charcoal. 
By Srpney JoHN GREGG. 


AN examination of the literature dealing with the theories of the 
adsorption of gases by charcoal showed that one particular experi- 
mental quantity—the heat of adsorption—is especially important 
in testing them; and since the relevant data are very scanty, the 
following series of experiments was undertaken in order to measure 
this quantity, together with the more usual ones, equilibrium pressure 
and amount adsorbed. Measurements were therefore carried out 
at 0° with the aid of a Bunsen ice calorimeter, and also at 40° using 
the same calorimeter filled with phenol instead of ice. The 
adsorption of eight different gases on a standard charcoal was studied, 
and also the adsorption of a given gas on several different charcoals. 


EXPERIMENTAL. 


The apparatus (Fig. 1) consists of two main parts, the gas burette, 
B, and the adsorption system, A, sealed together and mounted on a 
board, which can slide vertically, thus allowing the charcoal tube, 
Ch, to be lowered into the calorimeter. 

The gas burette is a modification of that used in the Bone- 
Wheeler gas-analysis apparatus. The gas to be measured is drawn 
from the reservoir, V, where it is stored over mercury, into the shorter 
limb of the burette via the three-way tap, T. Since a Torricellian 
vacuum (produced by previous sweeping out of the air) exists above 
the mercury in the longer limb, the pressure of the gas in the shorter 
limb is given directly by the difference of mercury levels in the two 
limbs. The volume of the gas is known from the calibration figures 


THE HEAT OF ADSORPTION OF GASES BY CHARCOAL. 1495 


for the shorter limb, and its temperature is also known, so that the 
quantity of gas can be calculated. It can then be admitted to the 
adsorption system by means of the tap T. 

The adsorption system consists of an ordinary open tube mano- 
meter, M, a McLeod gauge, G, and the charcoal tube, which is joined 
to the rest of the apparatus by a ground glass joint. The McLeod 
gauge is joined to its mercury reservoir, R’, by an all-glass connexion, 
the raising or lowering of the mercury levels in this case, as also with 
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the gas burette, being accomplished by applying atmospheric 
pressure or a water-pump vacuum, respectively, to the space above 
the mercury in the reservoir. 

The ice calorimeter is of the usual type, but is fitted with an outer 
jacket which can be evacuated by means of a Langmuir pump. A 
simple Geissler tube connected with this jacket gives a ready means 
of testing the vacuum from time to time, and whenever this falls 
much below X-ray hardness, the jacket must be re-evacuated. 
This jacket, in conjunction with a very large and amply lagged bath 
of ice (diameter, 14 inches; depth, 16 inches) from which the water 
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was frequently siphoned off, made it possible normally to obtain a 
leak of only 0-02 or 0-03 calorie per hour, though on occasions it rose 
much higher than this. 

The desirability of measuring the heat of adsorption at a tem- 
perature other than 0° led to the attempt to use other working 
substances in the Bunsen calorimeter. Owing to the difficulty of 
keeping a thermostat sufficiently constant at the m. p. of anethole 
(195°), this substance was not satisfactory (compare Grassi, Atti R. 
Accad. Lincci, 1913, 22, I, 304), but ultimately phenol was found to 
be a fairly suitable substitute. For accurate working, the normal heat 
leaks from the surroundings of the calorimeter should be constant 
enough to produce a small and steady creep of the mercury meniscus 
in the capillary in one direction; actually, it was found that a bath 
showing no variation on a Beckmann thermometer still gave 
unsteady heat leaks, and even in the best cases the mercury 
meniscus oscillated in the capillary over a range of some 0-6 cm., so 
that the readings are always uncertain to at least this extent. This 
is, unfortunately, an appreciable fraction of the movement due to 
the heat of adsorption itself, which was usually of the order of 10 cm. 
at each reading. In order to achieve even this degree of success, it 
was necessary to have very rapid stirring of the bath, to employ a 
large thermo-regulator, and to cover the top of the bath to minimise 
irregular evaporation. 

Calibration of the Calorimeters—The standard figure 1 cal.= 
0-001132 c.c. was adopted for the ice calorimeter. The phenol 
calorimeter was calibrated by an electrical method, a known 
quantity of electrical energy being passed through a heating coil 
immersed in mercury, contained in the reaction tube of the 
calorimeter. The coil was of nichrome wire, welded on to copper 
leads, and was rendered insulating by momentary heating in a 
Bunsen flame, whereby a coating was formed on it such that on 
immersion in mercury it suffered no reduction in resistance. A 
voltmeter was connected across the terminals, and a known current 
passed for a definite period, the change in volume of the phenol 
being read on the capillary. A mean of several determinations gave 
1 cal. = 0-00169 + 0-00002 c.c. Finally, the temperature of 
operation was found to be 40-35° by immersing a standard thermo- 
meter in mercury contained in the reaction tube. 

Charcoals.—A stock of charcoal was prepared by heating small 
cubes of birch wood in a large silica test tube in an electric furnace 
for 4 hours at about 400°. Four different samples were then 
prepared by activating separate charges of the stock at different 
temperatures in a very slow stream of nitrogen (containing 0-5% of 
oxygen). Details of these are : 


THE HEAT OF ADSORPTION OF GASES BY CHARCOAL. 1497 


IONE TNs sbecagnccviseccecsssss% II Itt IV 
Time of activation (hrs.) ......... : 4 4 : 


" 3 
Temp. of activation 800° 500° 450° 


Manipulation.—The charcoal was dried in a vacuum desiccator 
for 5 hours, and 3—5 g. were accurately weighed into the charcoal 
tube, which was then placed in position on the adsorption apparatus 
and surrounded by an electric furnace. The charcoal was then 
evacuated by a mercury condensation pump for 24 hours, its 
temperature being maintained at 400°, as read by a pyrometer whose 
junction was in contact with the bottom of the charcoal tube. At 
the end of this time the pressure was of the order 0-0001 mm., and 
on cooling, it always became so low as to be unreadable. By means 
of the sliding board, the charcoal tube was now lowered into the 
reaction tube of the calorimeter, into which mercury was poured in 
order to facilitate heat conduction from the charcoal to the calori- 
meter during the subsequent measurements; to prevent heat losses 
by convection from the top of the reaction tube, the space between 
this and the charcoal tube was covered with a piece of plasticine. As 
soon as the movement in the capillary became constant, the first 
charge of gas was admitted, and readings of the pressure were 
taken every few minutes until two consecutive readings were 
identical, showing that equilibrium had been reached. When the 
calorimeter was working well, it was possible to use the heat readings 
as a check on the attainment of equilibrium, for when the creep 
became the same as before the admission of gas, one could assume 
that equilibrium had been reached. 

The sorption curve was obtained by adding successive small 
quantities of gas from the burette, as outlined above, whilst, in order 
to obtain the desorption curve, the burette was opened to the 
adsorption system, thus enlarging the volume of the dead space. 
After a minute or so, the burette was shut off, the volume of gas 
withdrawn was read, and the attainment of equilibrium awaited. 

In most cases, fresh samples of charcoal were used for each 
experiment. In a few instances, however, the supply of fresh 
charcoal was insufficient, and on these occasions, samples of charcoal 
that had been used for previous experiments had to be employed ; 
in order to reduce the activating effect in such cases to a minimum, 
the charcoals were freed from gas at a lower temperature than before, 
viz., at 150°, and in some cases even at room temperature. Never- 
theless, as will be explained later, a small activating effect was still 
present, the charcoal being slightly altered during each removal of 
gas, 
Calculations.—In calculating volumes of gas, correction is made 


for the deviation from Boyle’s law, and the volume which would be 
3E 
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occupied ideally by the gas at N.7.P. thus obtained. To calculate 
the amount of gas v, that has been adsorbed up to a given reading, 
the amount v, remaining unadsorbed in the dead space is sub- 
tracted from the total amount v; which has been admitted to the 
system; in calculating v,, it must be remembered that part of the 
dead space is at room temperature and part at that of the calori- 
meter. In order to obtain the heat of adsorption corresponding to 
a given charge of gas, a correction must be made for the heat 
communicated to the calorimeter by the gas when changing from 
room temperature to 0° or 40-35° as the case may be. This 
correction is v,s(¢,; — t,), where s is the specific heat of the gas per 
c.c. at constant volume, and », is the amount of gas that has been 
changed from the temperature of the atmosphere, ¢,, to that of the 
calorimeter, t,. 

Degree of Accuracy.—No attempt has been made to attain to any 
great degree of accuracy for two main reasons: (i) Charcoal itself 
is such an indefinite substance, and is so difficult to obtain in a 
perfectly homogeneous condition, that excessive accuracy in the 
measurements would be superfluous; and (ii) the accuracy attainable 
with the ice calorimeter is not so high as to justify great accuracy 
in the measurement of the other two quantities. A rough estimate 
of the probable error of the respective measurements is as follows: 

Pressure: Never greater than + 1%, and for higher pressures 
(10 cm. or more), of the order + 0:2%. 

Amount adsorbed: Between + 05% and + 1-0%. 

Heat: Very variable, but of the order + 2% for the ice-, and 
+ 5% for the phenol-calorimeter. 

Note on the Purity of the Gases.—In these experiments, the fact 
that hysteresis (see ‘‘ Discussion”) was absent, was assumed to 
prove that the gas was pure, since the presence of air as an impurity 
immediately produced the phenomenon. The author has since 
recognised that this is inadequate evidence of purity, however, for 
the work of Lorenz and Wiedbrauck (Z. anorg. Chem., 1925, 143, 
268) indicates that only when gases differ widely in physical 
properties do they interfere with each other’s adsorption. Hence 
the absence of hysteresis does not necessarily indicate the absence of 
impurities similar in physical properties to the gas in question; 
such impurities, however, would have but a very slight effect on the 
adsorption measurements. 

Results. 

The following quantities are given for each reading : 

a = total number of g.-mols. of gas adsorbed per g. of charcoal 
(= »,/22414 w, where w is the weight of charcoal). 

p = equilibrium pressure (cm. of Hg). 
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Q = integral heat of adsorption per g. of charcoal, = Sh, where h 
is the amount of heat evolved per g. of charcoal at a given reading. 

In the curves, desorption points are denoted by a small tail attached 
to the circle, etc., which surrounds the point, thus @. 


Experiment 1 : Nitrous oxide + Charcoal I at 0°. 


logz. logp. log Q. logz. logp. logQ. logz. logp. logQ. 
4-383 1-715 0-280 3-294 1-351 1-160 3-433 1-764 1-284 
4-669 0-106 0-557 3-337 1-464 1-195 3-413 1-677 1-264 
4-861 0-405 0-754 3-373 1-582 1-227 3-383 1-596 1-238 
4-992 0-662 0-871 3-406 1-684 1-255 3-335 1-411 1-193 
5.097 0-873 0-981 3-482 1-781 1-281 3-282 1-259 1-145 
3-173. 1-073 1-057 3-456 1-862 1-305 3-242 1-151 1-106 
3.240 1-224 1-114 


Preparation of gas. Sodium nitrite solution was slowly dropped 
into warm hydroxylamine hydrochloride solution, and the nitrous 
oxide evolved was passed in succession through potassium hydroxide 
solution, over solid potassium hydroxide, through concentrated 
sulphuric acid, and finally over phosphorus pentoxide. 


Experiment la : Nitrous oxide -+- Charcoal I at 0°. 


logz. logp. logQ. logz. logp. log Q. logx. logp. logQ. 
4-714 0-173 0-560 3-345 1-461 1-159 3-405 1-665 1-209 
3085 0-834 0-905 3-416 1-706 1-222 3349 1-473 1-155 
3-255 1-216 1-075 3-449 1-839 1-250 


Charcoal. The charcoal from Expt. 1 was freed from gas at room 
temperature without intermediate exposure to air. 
Preparation of gas. As for Expt. 1. 


Experiment 2: Nitrous oxide + Charcoal I at 0°. 
logz. logp. log Q. logz. logp. log Q. logz. logp. logQ. 


4434 1-734 0-161 3-247 1-152 1-060 3-460 1-840 1-259 
4-744 0-167 0-557 3-322 1-360 1-136 3-485 1-944 1-267 
4-936 0-498 0-759 3-364 1-486 1-176 3-446 1-793 1-244 
3-055 0°736 0-884 3-395 1-590 1-207 3-393 1579 1-175 
3163 0-951 0-978 3-428 1-722 1-241 


Preparation of gas. After being prepared as in Expt. 1, it was 
liquefied by cooling in liquid air, and then distilled in a vacuum. 


Experiment 3: Nitrous oxide -++ Charcoal I at 0°. 


log x. log p. log Q. log x. log p. log Q. 
4-803 0-281 0°657 3-360 1-493 1-216 
3-288 1-274 1-148 3415 1-671 1-264 


Preparation of gas. As in Expt. 2. 
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Experiment 4: Acetylene + Charcoal I at 0°. 


logx. logp. log Q. logx. logp. logQ. logz. logp. logQ. 
4-494 1-537 0-458 3-328 1-298 1-250 3-438 1-790 1-351 
4-798 0-034 0-749 3-375 1-480 1-290 3-417 1-667 1-338 
4-995 0-412 0-922 3-412 1-644 1-323 3-370 1-454 = 1-295 
3-167 0-809 1-081 3-441 1-797 1-349 3-305 1-202 1-238 
3-254 1-051 1-179 3-462 1-915 1-370 3-227 0-952 1-155 
Preparation of gas. Water was dropped on calcium carbide in 
an evacuated apparatus, and the acetylene was passed through 
saturated potassium permanganate solution, over solid potassium 
hydroxide and phosphorus pentoxide, then solidified and redistilled 
in a high vacuum. 


Experiment 5: Ethane + Charcoal I at 0°. 


logx. logp. logQ. loga. logp. log Q. logz. logp. logQ. 

4-524 1-282 0-505 3-197 0-467 1-150 3-416 1-425 1-361 

4-866 1-785 0-831 3-313 0-874 1-258 3-444 1-638 1-386 

4-053 0-070 1-013 3-373 1-146 

Preparation of gas. Propionitrile was dropped on sodium wire in 
an evacuated apparatus (see Stihler et al., ‘‘ Arbeitsmethoden der 
Anorganischen Chemie,” 1926, IV, p. 93), and the ethane passed in 
succession through tubes containing the following reagents: 
potassium hydroxide solution, solid potassium hydroxide, concen- 
trated sulphuric acid, and phosphorus pentoxide. It was then 
solidified and redistilled in high vacuum. The presence of 
hysteresis showed that the gas was not pure, although Cardoso and 
Bell (J. Chim. physique, 1912, 10, 498) endorse the method as giving 
pure ethane. 

Remark. The attainment of equilibrium at some readings 
required several hours, again indicating that the gas was not pure. 


Experiment 6 : Carbon monoxide + Charcoal I at 0°. 


logx. logp. logz. logp. logz. - logp. logx. logp. 
5-973 0845 4-521 1-494 4-753 1-831 4-576 = 1-566 
4-199 1-098 4-588 1-582 4-824 1-920 4-444 = 1-388 
4-403 1-339 4-686 1-723 4-709 1-754 4-176 1-065 


Preparation of gas. Concentrated sulphuric acid was dropped on 
sodium formate, and the gas passed through tubes of potassium 
hydroxide solution, solid potassium hydroxide, and phosphorus 
pentoxide. The apparatus was alternately evacuated and filled with 
carbon monoxide three times before the gas was collected. 


Experiment 7 : Sulphur dioxide + Charcoal I at 0°. 


logx. logp. logQ. logz. logp. logQ. log. logp. log Q. 
3-210 1-330 1-287 3-606 1-517 1-655 3-589 1-263 1-639 
3-495 0-430 3-623 1-708 1-669 3-567 1-072 1-624 
3-567 1-013 1- 3-606 1-467 1-653 3.531 0-722 1-597 
3-590 1-367 1-6 
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Preparation of gas. Sulphur dioxide from a cylinder was passed 
through tubes of concentrated sulphuric acid and phosphorus 
pentoxide. It was then solidified and redistilled in a high vacuum. 


Experiment 8 : Carbon dioxide + Charcoal I at 0°. 


loga. logp. log Q. logz. logp. log Q. logz. logp. logQ. 
4-315 1-844 0-212 3-162 1-183 1-016 3-432 1-910 1-272 
4-573 0-201 0-455 3-238 1-360 1-083 3-450 1-984 1-293 
4811 0-555 0-680 3-299 1-522 1-145 3408 1-833 1-252 
4:948 0-779 0-810 3-354 1-654 1-194 3°360 1-657 1-199 
3066 0-989 0-921 3408 1-820 1-246 3°305 1-493 1-146 
Preparation of gas. Concentrated sulphuric acid was dropped on 
solid sodium carbonate in an evacuated apparatus. The gas was dried 
by concentrated sulphuric acid and phosphorus pentoxide, solidified, 
and redistilled in a vacuum. 


Experiment 9: Ethylene + Charcoal I at 0°. 


log p. log Q. logx. logp. log Q. logx. logp. logQ. 
1-071 0-187 3298 1-345 1130 3-347 1-589 1-170 
1-452 0-444 3333 1545 1165 3-304 1-346 1-131 
1-822 0-652 3363 1-713 1:188 3-247 1-201 1-104 
0-195 0-811 3°383 =61-846 =1-206 3°183 0-945 1-049 
0-513 0-917 3-396 1-953 1:218 3-101 0-647 0-972 
0-805 1-010 3-377 1-790 1-198 4-957 0-245 0-842 
3-237 1-074 1-074 
Preparation of gas. A mixture of 50 c.c. each of concentrated 
sulphuric acid and absolute alcohol was placed in a distilling flask, 
and a little sand (previously washed with concentrated hydrochloric 
acid and ignited) was added. A mixture of 50 c.c. of concentrated 
sulphuric acid with 25 c.c. of absolute alcohol was slowly added 
from a dropping funnel, the flask being warmed. The whole 
apparatus was previously evacuated. The ethylene was passed 
successively through tubes containing solid potassium hydroxide, 
concentrated sulphuric acid, and phosphorus pentoxide; it was 
then solidified and redistilled in a vacuum. 


Experiment 9a : Ethylene + Charcoal I at 0°. 


logz. logp. log Q. logz. logp. log Q. logz. logp. log Q. 
4818 0-000 0-665 3-301 1-396 1-114 3-341 1-599 1-148 
3-132 0-730 0-955 3376 1-831 1-184 3-292 1-325 1-104 


Charcoal. The charcoal from Expt. 9 was freed from gas at room 
temperature without intermediate exposure to air. 
Preparation of gas. As for Expt. 9. 


Experiment 10: Nitrogen + Charcoal I at 0°. 


logx. log p. logx. logp. logz. logp. log x. 
5-578 0-656 4-260 1-398 4-573 1-790 4-238 
5971 1-073 4-391 1-554 4-646 1-884 4-095 
4168 1-291 4-492 1-684 4-564 1-777 5-935 
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Preparation of gas. Nitrogen from a cylinder was used; it 
contained 0-5% of oxygen. 

The gases used in the remaining experiments were prepared as 
described in the corresponding preceding experiments. 


Experiment 11] : Nitrous oxide + Charcoal II at 0°. 


logz. logp. logQ. logz. logp. logQ. logz. log p. 
4-573 1-872 0-498 3-215 1-005 1-103 3-442 1-637 
4-893 0-389 0-806 3-314 1-252 1-194 3-474 1-752 
3-103 0-757 0-997 3-390 1-473 1-265 3-503 1-864 


Experiment 12 : Sulphur dioxide +- Charcoal IT at 0°. 


2-633 0-755 3-620 1-412 1-639 3-642 1-559 1-657 
1-124 1-133 3-638 1-660 1-652 3-626 1-344 1-643 
1-935 1-425 3-651 1-834 1-665 3-611 1-148 1-623 
0-398 1-522 3-659 1-923 1-672 3-599 1-985 1-609 
0:969 1-601 3-650 1-683 1-662 3-585 0°848 1-598 


Charcoal. This charcoal had been previously used for Expt. 11 
and was freed from gas at room temperature. 


Experiment 13: Nitrogen + Charcoal II at 0°. 


logz. logp. log Q. logz. logp. logQ. logz. log >p. 

4-121 1-139 1-761 4-645 1-781 0-301 4-653 1-774 
1:446 0-041 4-712 1-892 0-387 4577 1-663 
1-641 0-196 4-780 1-969 0-433 


Experiment 14: Nitrous oxide +- Charcoal III at 0°. 


0-137 0-318 3-277 1-406 1-003 3-380 1-752 1-101 

0-610 0-617 3-331 1-577 1-061 3-352 1-647 = 1-067 

3 0-955 0-802 3-373 1-726 1-104 3-328 1-562 1-041 

3-204 1-209 0-921 3-405 1856 1-133 3-308 1-477 1-015 

Charcoal. This had been previously used for Expt. 15 and was 
freed from gas at room temperature. 


Remark. The calorimeter was working very badly during this 


experiment, and the heat measurements are therefore untrust- 
worthy. 


Experiment 15 : Sulphur dioxide + Charcoal IIT at 0°. 


logz. logp. logQ. logz. logp. logQ. logz. logp. log. 
4-960 3-875 1-040 3-552 1-109 1-575 3-633 1-881 1-654 
3-270 1-432 — 3-582 1:396 1-606 3-612 1-680 1-641 
3-442 0-272 1-485 3-604 1-605 1-625 3-590 1-478 1-621 
3-507 0-705 1-540 3-620 1-759 1-641 3-570 1-298 1-613 


Experiment 16 ; Nitrogen + Charcoal III at 0°. 
log. log p. logz. logp. logz. logp. logx. logp. 
5-882 1-195 4-363 1-738 4-397 1-753 4-056 = 1-355 
4-206 1-547 4-488 1-877 4-272 1-604 


Charcoal. This had been used for Expts. 14 and 15 and was freed 
from gas at room temperature. 


Experiment 17 


log x. 
4-606 
3°059 
3-261 
3°382 


log p. 
2-484 
1-441 
1-828 
0-389 


log Q. 
0-740 
1-143 
1-321 
1-426 


Experiment 18 


Pri 
© CO -1 Sr 
o> 00 CO cr 
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Experiment 19: 


0-668 
1-007 
1-184 
1-346 


1-459 
1-931 
0-338 
0-650 
0-969 


0-484 
0-708 
0-805 
0-889 


0-837 
1-085 
1-306 
1-422 
1-505 
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: Sulphur dioxide -+- Charcoal IV at 0°. 


log x. 
3-477 
3-545 
3°590 
3°622 


log Q. 
1-510 
1-562 
1-592 
1-614 


log p. 
0-968 
1-377 
1-674 
1-856 


log x. 
3-588 
3°559 
3°496 


log p. 


log Q. 
1-597 
1-573 
1-536 


1-621 
1-437 
1-008 


: Nitrous oxide + Charcoal I at 40-35°. 


3-039 
3-096 
3-178 
3-235 


0-956 
1-010 
1-090 
1-144 


1-467 
1-571 
1-733 
1-856 


3-190 
3-139 
3-093 


1-078 
1-036 
1-996 


1-729 
1-623 
1-525 


Sulphur dioxide -+- Charcoal I at 40-35°. 


3-451 
3-504 
3-490 
3-451 


1-561 
1-599 
1-586 
1-550 


1-285 
1-607 
1-476 
1-184 


3-430 
3-398 
3-332 


3°206 


0-743 
0-310 
0-272 


1-531 
1-497 
1-447 
1-338 


1-035 


Charcoal. This had been previously used for Expt. 6, and was 
freed from gas at 150°. 
Discussion. 


During the earlier stages of the work, great trouble was experienced 
from the occurrence of “hysteresis,” which is a well-known 


phenomenon in adsorption work; the desorption curve, obtained by 
withdrawing the gas from the charcoal, does not retrace the sorption 
curve, the charcoal always retaining more gas for a given pressure 


on the curve of desorption than on that of sorption. Furthermore, 
the time required to attain equilibrium is much shorter (of the order 
of one hour) during desorption than during sorption, in which the 
pressure may continue to fall for several days. In agreement with 
Patrick (J. Amer. Chem. Soc., 1920, 42, 946) and others, the trouble 
was found to be due to traces of non-condensable gas in the system ; 
for when the gas to be adsorbed was liquefied and then distilled in 
high vacuum, and when the charcoal was thoroughly evacuated, the 
sorption and desorption curves could be made to agree, and the 
time for equilibrium in both cases became normal at about one 
hour. Only with ethyl chloride was this treatment ineffective, for 
no matter how carefully the gas was prepared, considerable hysteresis 
was observed; hence adsorption experiments with this gas were 
abandoned. 

As has been shown by many previous workers, neither the p-x nor 
the log p-log x curve possesses a simple analytical form; the shape 
of the latter curve does not even appear to bear any simple relation- 
ship to the nature of the adsorbed gas, though it must be remembered 
that it is difficult to give criteria for selecting comparable parts of 
the curve for different gases; thus, while the sulphur dioxide curve 
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at atmospheric pressure is approaching the point of saturation, the 
curve for a permanent gas like nitrogen is still in its early stages. 
On the other hand, the log p-log x curves undergo a regular variation 
with the change of charcoal, for the order of the curves for the 
charcoals I, II, and III is the same for the three widely different 
gases nitrogen, nitrous oxide, and sulphur dioxide—charcoal II 
always having the greatest adsorption for a given pressure, charcoal 


02 O04 O6 O08 


WW 
«x 
x 


C a 
eA 
aw 
10 12 14 16 2-0 
log p. 
T the next, and charcoal III the smallest. This is illustrated for 
nitrogen and nitrous oxide by the curves in Fig. 2. 

Q and «x are connected by the simple relation Q@ = kx", where / 
and n are constants at constant temperature, a result obtained also 
by other workers (e.g., Lamb and Coolidge, J. Amer. Chem. Soc., 
1920, 42, 1146). The index m is roughly characteristic of the gas 
which is adsorbed, for, as will be seen from Table I, it remains 


approximately constant when one gas is adsorbed on different 
charcoals, and varies from gas to gas for the same charcoal. The 


a 


/ 


Z 
; 
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rule is only a rough one, however, for in some cases quite a large 
difference is obtained for the same gas. This is illustrated by 
sulphur dioxide with charcoals I and IV (Expts. 7 and 17, 
respectively). 


Fie. 3. 


0°8 1°0 
log Q. 


TABLE I. 
Values of k and 7 in the formula Q = kx”. 


Expt. No. Gas. Charcoal. n. log k. 
l N,O 0-940 3-703 
la 0-940 3-651 
3 0-953 3-726 
0-933 3-706 
1-01 (2) 3-745 (2) 
0-957 3-695 
0-915 3-843 
0-942 3-877 
0-911 3-811 
0-885 3-746 
0-840 3-695 
0-945 3-770 
0-966 3-963 
0-955 3-726 
0-924 3-627 
0-926 3-613 
1-005 3-676 
3E2 
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The data available are too limited to decide whether any simple 
rule holds for the variation of &; for the nitrous oxide experiments, 
the log Q-log x curves are in the same order as the corresponding 
isotherms—charcoal II having the largest k, charcoal I the next, and 
charcoal III the smallest (see Fig. 3). It is difficult, however, to 
pronounce judgment upon the apparently anomalous order of the 
sulphur dioxide curves, for they lie so close together that a small 
experimental error would alter their relative order ; it is possible that 


Fie. 4. 
0°0 02 0°4 0°6 08 1:0 
Cah, 
y, 


— 
0-2 0-4 0-6 0°8 1-0 1-2 16 
log Q. 
such an error may be present in the experiment with charcoal II, 
for the abnormally high value of n in this case throws doubt on the 
accuracy of the curve. 

It is here appropriate to note the effect of the adsorption of one 
gas upon the subsequent adsorption of the same or a different gas 
by a given charcoal. In Fig. 4 are plotted the log Q—log x curves for 
ethylene on charcoal I, Expt. 9 being carried out with fresh charcoal, 
and Expt. 9a after pumping out the gas from the used charcoal at 
room temperature and without intermediate exposure to the 
atmosphere. The curves for Expts. 1 and la represent a similar 
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pair for nitrous oxide, and the curve for Expt. 3 was obtained with 
charcoal I that had been previously saturated with ammonia and 
evacuated at room temperature. It will be seen that a small 
de-activating effect is indicated in the heat curves in each case, the 
value of k being slightly decreased, though the corresponding 
log p-log x curves show no such effect. 

The heat of adsorption should now be compared with the latent 
heat of condensation of the adsorbed gas. For this purpose, one 
must use the differential heat of adsorption, dQ/dx = knz"-!, i.e., 
the heat evolved per g.-mol. of gas, since this is the quantity 
comparable with the latent heat; and this must relate to a fixed 
value of x in each case. ‘ 

Since n is always less than unity, the differential heat of adsorption 
decreases as the concentration increases, but its value can be 
calculated for a given value of x within the range of the experiments, 
e.g., « = 1000 x 10-6 g.-mol. per g. of charcoal. From Table II it 
will be seen that this differential heat is in each case 2—3 times as 
large as the latent heat of condensation of the vapour at 0° (calculated 
by the Clausius—Clapeyron equation); this agrees with the results of 
Lamb and Coolidge (loc. cit.) for several organic vapours. 


TABLE II. 


Heats of adsorption and latent heats of condensation. 


Molecular latent dQ /dx (cal.} for 
Gas. heat (cal.). zx = 1000 x 10°. 


Sulphur dioxide 6,160 11,460 
Ethylene 2,050 6,620 
Acetylene 2,580 8,100 
Carbon dioxide 2,570 6,930 
Nitrous oxide 2,510 7,180 
Nitrogen (Charcoal IT) — 4,740 


(The charcoal used in the first five cases was No. I.) 


It is further of interest to compare the heat of adsorption of nitrous 
oxide at 0° with that at 40-35°, these temperatures being, respec- 
tively, below and above the critical temperature (35—39°). Whilst 
it must be borne in mind that, owing to the difficulty of working the 
phenol calorimeter, the measurements at 40-35° give little more than 
the order of magnitude of the heat of adsorption, yet it will be 
seen that the values of & and n at the two temperatures are not very 
different, showing that at a given concentration x, the integral heat 
of adsorption and the differential dQ/dx at the respective tem- 
peratures are also not very different. 

This approximate constancy, with reference to temperature, of the 
heat effect of adsorption is confirmed by the fact that the value of 
the differential heat of adsorption calculated from the van’t Hoff 
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isochore, on the assumption that it remains constant between 0° and 
40-35°, is close to the experimental value. In the isochore 
d log, K /dT' = — H/RT?, where K is the equilibrium constant and H 
is the heat of reaction, K may be replaced by p, and integration then 
gives log, p,/p. = H(T, — 7',)/RT,T,, where p, and p, are the 
equilibrium pressures at temperatures 7’, and 7',, respectively, for 
a given value of x, so that H becomes the differential heat of 
adsorption for the same value of x. 

The values of log » for nitrous oxide on charcoal I at 0° (Expt. 2) 
and 40-35° (Expt. 18) are, respectively, 0-605 and 1-372 when 


Fia. 5. 


\ 


4-2 4-4 1-6 
log x/p. 


x = 1000 x 10°; putting 7, = 273, 7, = 313-35, and R = 1-98, 
H is calculated to be 7442 cals. per g.-mol. per g. of charcoal. This 
is close to the value 7180 cal. obtained from the formula dQ/dx = 
knx"-! by using the experimental values of k and n for nitrous oxide 
at 0° on charcoal I (Expt. 1). 

Although the p-« curve cannot be represented by any simple 
mathematical equation, the results agree fairly well with an equation 
of the form log «/p = A, — A,zx, which has been deduced thermo- 
dynamically by Williams (Proc. Roy. Soc., 1919, 96, A, 287) and 
from kinetic theory by Henry (Phil. Mag., 1922, 44, 689). Thus on 
plotting log «/p against x ( see Fig. 5), a straight line is obtained for 
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carbon dioxide, acetylene, nitrous oxide, carbon monoxide, or 
nitrogen with charcoal I; but deviations from the rectilinear occur 
in other cases, e.g., ethylene and nitrogen with charcoals II and III, 
and also in Homfray’s results (Z. physikal. Chem., 1910, 74, 129) for 
ethylene and nitrogen, and Richardson’s (J. Amer. Chem. Soc., 1917, 
39, 1828) for carbon dioxide. Furthermore, on plotting the results 
for sulphur dioxide from the present measurements, and also those 
for ammonia from Richardson’s, the curves are not even approxim- 
ately rectilinear. In general, however, it may be said that the 
Williams—Henry equation does reproduce moderately well the 
adsorption measurements at 0° for those gases which are far removed 
from their condensation point at V.7'.P.; but, as it is hoped to show 
elsewhere, this fact is insufficient evidence for the validity of either 
Williams’s or Henry’s fundamental assumptions. 

The values of the constants A, and A, for those cases where the 
equation holds are given in Table III. The equation put forward 
by Ijin (Physikal. Z., 1925, 26, 497) extends to the adsorption of 


TaBxeE III. 
Values of A, and A, in the equation log x/p = Ay — Aye. 


Gas. Charcoal. A). A,. Gas. Charcoal. A,. Ay. 
525 —5-059 H, 510  —2-887 
410 — 4-961 v 410 — 3-209 
388 — 5-263 400 — 3-160 
432 — 4-832 375 — 3-360 
355 — 4-490 370 — 3-992 


gases by charcoal the results obtained by Szyszkowski (Z. physikal. 
Chem., 1908, 64, 385) for the surface tensions of aqueous solutions 
of certain fatty acids. Szyszkowski found that if o, is the surface 


tension of pure water, and o that of a solution of the fatty acid of 
concentration c, then 
69 —o = Blog (c/a + 1), 

where « is a constant decreasing as the length of the carbon chain in 
the acid increases, and 8 is a constant characteristic of the solvent. 
Applying this to charcoal adsorption, Ijin putso, — o = Q/S, where 
8S is the area of the adsorbing surface of the charcoal, the heat of 
adsorption thus being taken as a measure of the free energy of 
adsorption; c must be replaced by p, so that Q = BS log (p/« + 1), 
which is more convenient for plotting if written as Q = B log (p + 
«)— Bloga, where B= 8S. Then, if Iljin’s equation holds, the 
graph of log (p+ «) against Q should give a straight line inter- 
cepting the log (p+ «) axis at log«. The correct value of « is 
obtained by plotting with successive values of «, differing by small 
increments, until two consecutive values are reached such that one 
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gives a curve convex to one axis, and the next a curve convex to the 
other axis; the required value of « is then taken as the mean of 
these two values. Plotting the present results in this way, it was 
found that the best straight line was one that did not in general 
intercept the log (p + «) axis at log « (see, e.g., Fig. 6), so that the 
results only fit a modified Ijin equation of the form Q = B log (p/«-+- 
1) + A, where A is usually a positive quantity, but is occasionally 
negative. The results for sulphur dioxide do not agree with the 
equation at all, for even with « = 0 (its minimal value, since it is 
essentially positive), a curved line is still obtained; this is true also 
of Titoff’s results for ammonia (Z. physikal. Chem., 1910, 74, 641) 
which Iljin quotes as fitting his equation. 


TaBLE IV. 
Values of « and B from Iljin’s equation. 


ag. az. Bg 
Observer.* (cm. of Hg) a x 105. 6 xX 108. (calc.). 
Hi. — 259 1361 
-» Expt. IX 55 270 1748 
T., Expt. X 55 
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G., Char, ITI 
At 40°35°. 
N,O G., Char. I , . 1899 
Adsorption by silica gel at 0°. 
NO P. ran 1899 _ 
* H = Homfray; T = Titoff; G = Gregg; R = Richardson; P = Patrick 
(J. Physical Chem., 1925, 29, 421). 
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The value of « at a given temperature is roughly characteristic of 
a gas, varying considerably from one to another. This makes it 
possible to deduce the approximate value of « even when no heat 
measurements are available. For since Q = ka", we may put 
ka" = Blog(p+-«)— Bloga«; and since m is never far from 
unity, the graph of log (p ++ «) against x also gives a nearly straight 
line; or, alternatively, the values of « necessary to give a straight 


—— a” —— 
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line with the measurements of Q and x, respectively, are quite close 
to one another, as shown by the figures for « derived by the two 
methods (Table IV). In this table, the gases are arranged in order 
of decreasing «, and it will be seen that they then stand in order of 
increasing a and b (the van der Waals constants), so that a complete 
parallelism exists between «, on the one hand, and a and b, on the 
other. (In the table, the suffix indicates whether the value is 
derived from the Q- or x-curve.) Moreover, the fact that the value 
of « decreases as the value of b (which is a measure of the size of the 
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molecule) increases, is analogous to Szyszkowski’s result for the 
surface tension of solutions, in which he found that « decreases with 
increasing length of the hydrocarbon chain. This indicates that 
there is a close analogy between adsorption at a charcoal—gas 
interface and that at a water-gas interface, but it is difficult to 
pursue the analogy further. 

Unfortunately, it is impossible to calculate B except by using 
heat measurements, for the equation kx" = B log (p/« + 1) +A 
shows that a knowledge of & is necessary for obtaining B. It will 
be seen that, in contrast to Szyszkowski’s results, B does not remain 
constant for a given charcoal, though its variation is much less than 
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that of «. The non-constancy is possibly due to the fact that Q is 
not a true measure of the free-energy change; furthermore, the true 
analogue to Szyszkowski’s 8 is not B, but B/S, and the adsorbing 
surface S of the charcoal may vary in an unknown way from gas 
to gas. 

It is hoped to discuss more fully elsewhere some of the current 
theories of adsorption in the light of both the present results and 
those of other workers. 

Summary. 


1. Measurements are described of the heat of adsorption, the 
equilibrium pressure, and the amount adsorbed, for eight gases on a 
standard charcoal at 0°, with the aid of Bunsen’s ice calorimeter. A 
few experiments were also carried out at 40-35° using a phenol 
calorimeter, and in some cases the charcoal was replaced by other 
standard samples. 

2. The phenomenon of hysteresis has been traced to the presence 
of some non-condensable gas in the adsorption system, as other 
workers have found. 

3. For the integral heat of adsorption Q, the relationship Q = kx" 
has been found to hold, where x is the amount adsorbed and k and 2 
are constants; 7 is roughly characteristic of the gas and lies between 
approximately 0-9 and 1-0; & is slightly decreased by previous 
adsorption and subsequent elimination of the same or another gas. 

4. The Williams—Henry equation, log x/p = Ag — A,x, where p is 
the equilibrium pressure and A, and A, are constants at constant 
temperature, is fairly satisfactory for all except the readily con- 
densable gases. 

5. With similar limitations, the relationship between p and Q is 
expressed fairly well by a modified Iljin equation of the form 
Q = Blog (p/« + 1)+ A. A close parallelism exists between the 
value of « and the corresponding values of the constants a and 6 in 
van der Waals’s equation, a fact which recalls the results of Szysz- 
kowski for the surface tension of aqueous solutions. 
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and also the Department of Scientific and Industrial Research for a 
grant which enabled him, as student-in-training, to carry out the 
experimental part of this work at the Imperial College of Science 
and Technology. 
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CCI.—The Constitution of the Disaccharides. Part 
XIII, The y-Fructose Residue in Sucrose. 


By WALTER NorMAN HawortH, EpmMunp LaneLey Hirst, and 
VINCENT STANLEY NICHOLSON. 


THE y-fructose residue in sucrose was isolated by one of us in the 
form of tetramethyl y-fructose (Haworth, J., 1915, 107, 12; 1920, 
117, 199). This unstable sugar was characterised by its dextro- 
rotation and by the ease with which it decolorised aqueous per- 
manganate, but further study has revealed a remarkable and 
unexpected behaviour. In contact with dilute hydrochloric acid 
at 80°, or on digestion with acetic anhydride in presence of sodium 
acetate, this methylated ketose undergoes changes involving loss 
of three of its methoxyl groups as methyl alcohol. This circum- 
stance explains many of the discordant results quoted in the 
literature of this sugar, and serves also to emphasise the danger 
attaching to the acceptance of preconceived ideas of the properties 
of methylated sugars. 

When 8% hydrochloric acid was used, more than a third of the 
product was collected as a typical aldehyde, having an odour like 
that of benzaldehyde and distilling at about 54°/0-07 mm. It was 
optically inactive, restored the colour to Schiff’s reagent, reduced 
Fehling’s solution, and decolorised permanganate instantly. The 
aldehyde was characterised by its giving crystalline derivatives; 
an oxime, m. p. 103—104°, and a semicarbazone, m. p. 166—167°. 
Its molecular composition, C,H,O,, was recognised by this means, 
and its general properties suggested its relationship to furan. 

The action of hot mineral acid on free sugars containing exposed 
hydroxyl groups, e.g. the pentoses, was already recognised as 
involving condensation with elimination of water, leading to the 
formation of furfural or similar products; but in the special case 
now under review, the hydroxy] positions in fructose are methylated, 
leaving only the reducing group exposed. 

In a previous paper (Haworth and Hirst, J., 1926, 1858), reference 
was made to the tendency of tetramethyl y-fructose to pass into 
furan derivatives during oxidative degradation, and it was there 
suggested that many of the anomalies attending the constitutional 
study of this sugar might be attributed to this behaviour. The 
present results extend and confirm this observation. It was also 
indicated that an explanation of this behaviour was to regard 
tetramethyl y-fructose as a substituted hydrofuran (I), and this 
provisional formula is strongly supported by the series of trans- 
formations which are now recorded. 
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It is necessary to proceed with caution in the structural inter- 
pretation of these observations, and we have relied essentially on 
the isolation of crystalline products which in the last resort have 
been compared with substances of known constitution described in 
the literature. Evidence of the identity of the final products 
obtained by the conversion of tetramethyl y-fructose into furan 
derivatives by contact with hydrochloric acid is now furnished. 

The aldehyde, originating as already described, was identified 
as w-methoxy-5-methylfurfural (IV), since it gave on oxidation with 
permanganate (compare Frankland and Aston, J., 1901, 79, 515) 
w-methoxy-5-methylfuran-2-carboxylic acid (V), m. p. 72—73°, the 
constitution of which was confirmed by comparison with the 
crystalline acid isolated from two known sources: w-bromo-5- 
methylfurfural (VII) (Fenton and Gostling, J., 1899, 75, 429) gave 
on hydrolysis and oxidation w-hydroxy-5-methylfuran-2-carboxylic 
acid (VI), m. p. 165—167°, the constitution of which had been 
previously determined by conversion of the crystalline bromide 
into furan-2 : 5-dicarboxylic acid (dehydromucic acid), identical 
with that obtained from mucic acid (Hill and Jennings, Amer. 
Chem. J., 1893, 15, 159; Hill and Sawyer, ibid., 1898, 20, 169). 
When the w-hydroxy-5-methylfuran-2-carboxylic acid (VI) isolated 
by these methods was methylated with methyl iodide and silver 
oxide, we obtained an ester which on hydrolysis gave the crystalline 
«-methoxy-5-methylfuran-2-carboxylic acid (V), m. p. 72—73°, 
identical with that which we had isolated as a transformation 
product of tetramethyl y-fructose. 


ag CH-OMe CHO 
CH(OMe)-O(OH)s,9_, CH(OMe)—C CH(OMe)-CHS, 5 _ 
{(OMey—CH™ — G(OMe)-CH? © > H(OMe)-CH” 
(I.) CH,:OMe (II.) CH*OMe (IIL) CH,-OMe 
qa0 CO,H GOH qa 
CH: CHC CH: CH:C 
buc?? — bac?® * bic” © <— bre”? 
CH,:OMe CH,*OMe CH,-OH CH,Br 
(IV.) (V.) (VI.) (VII.) 


CHO ™\. 60,H 


CH(OH)-CH CH(OH)-CH 
éH(0H)-cH? ° — H(OH)-CH? ° 
(VIL) CH,-OH (IX.) CH,-OH 


Glucosamine —» 


No simple explanation suffices to interpret the transformation of 
tetramethyl y-fructose to this furan derivative. On the hypothesis 
that this sugar contains already a substituted hydrofuran ring (1), 


fe we _— as — ~ oT —_ an - = a a 
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a reasonable explanation of the series of conversions is given in the 
formule above. On this interpretation, the first stage of the 
transformation from tetramethyl y-fructose (I) to w-methoxy- 
methylfurfural (IV) is the elimination of water by removal of the 
reducing hydroxyl group along with hydrogen of the methylated 
primary alcohol residue in the first terminal position. This would 
give the compound (II), containing a methoxymethylene residue 
which, hydrolysing with ease to the hydroxymethylene group, 
thereafter functions as an acidic residue, the compound now being 
an enolic form of the aldehyde (III), and there can be little doubt 
that the introduction of an aldehyde group follows a course 
similar to that which is here represented. It may be that the 
compound (III) is readily formed from tetramethyl y-fructose and 
may frequently be present in this sugar as an impurity. It is indeed 
a variety of trimethyl chitose, and the realisation of this has led 
us to investigate the transformation of glucosamine into chitose by 
the methods described by Fischer. This further extension of our 
work has readily afforded us an alternative means of identifying 
our products (IV) and (V). 

Thus, it has already been shown by Fischer that glucosamine is 
converted by nitrous acid into chitose (VIII), and that the latter 
on oxidation with bromine passes into chitonic acid (IX). During 
acetylation in the presence of acetic anhydride and sodium acetate, 
chitonic acid lost two molecules of water and- passed into 
w-acetoxy-5-methylfuran-2-carboxylic acid, which on hydrolysis gave 
w-hydroxy-5-methylfuran-2-carboxylic acid (VI). We have con- 
firmed this series of transformations leading from glucosamine, and 
the final product (VI) was identical with the compound we had 
obtained as described above by interconversion from (VII). Finally, 
the specimen of hydroxymethylfurancarboxylic acid obtained from 
glucosamine gave on methylation w-methoxy-5-methylfuran-2- 
carboxylic acid (V) identical with that obtained from tetramethyl 
y-fructose. 

Thus a cycle of inter-relationships has been established between 
y-fructose derivatives on the one hand and glucosamine, chitose, 
and chitonic acid on the other. The allocation of the butylene 
oxide formula (I) to tetramethyl y-fructose, representing this sugar 
as a substituted hydrofuran, therefore receives the same experi- 
mental sanction as the formule ascribed by Fischer (Fischer and 
Tiemann, Ber., 1894, 27, 138; Fischer and Andreae, Ber., 1903, 36, 
2587) to chitose and to chitonic and chitaric acids. The results 
now indicated afford definite proof of the presence in tetramethyl 
y-fructose of two terminal methoxy-groups, —CH,*OMe. These 
serve to distinguish the structural representation of this sugar from 
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the amylene oxide type which is normal crystalline tetramethy] 
fructose (Haworth and Hirst, loc. cit.). 

There now remains to be considered the evidence arising from 
the oxidation of tetramethyl y-fructose (a) with nitric acid and 
(6) with permanganate. The latter degradation will be dealt with 
in a later paper, but we have again investigated the nitric acid 
method of oxidation employed by Haworth and Linnell (J., 1923, 
123, 294), and have conducted this work alongside a similar 
investigation on the normal crystalline tetramethyl fructose. 

Previous knowledge of the behaviour of nitric acid towards 
aldoses had established a predilection in favour of the view that 
the reducing group of sugars was the first to suffer attack in the 
presence of such an oxidising medium. That such is not the case, 
however, with ketoses has been made abundantly clear by Haworth, 
Hirst, and Learner (this vol., p. 1040). It was, for example, shown 
that the first product of oxidation of normal crystalline tetramethyl 
fructose (X) was a trimethoxy-lactol acid (XI), giving a crystalline 
ethyl ester (XII) and a crystalline methyl ester; and the latter gives 
a higher methylated homologue (crystalline), which is converted into 
a crystalline amide by the agency of ammonia. 

With the insight and experience gained by investigation of this 
simpler example of the oxidation of a fructose derivative, we have 
now applied similar methods to the examination of the initial 
oxidation product of tetramethyl y-fructose obtained by Haworth 
and Linnell by the use of dilute nitric acid. These authors recorded 
the isolation of an oxidation product giving the analysis: C, 50:5; 
H, 7:3; OR (calc. as OMe), 47:3%. This product was considered 
to be, on the basis of its analytical data and its general behaviour, 
a trimethoxy-8-valerolactone, C,H,,0,; (Cale.: ©, 50-5; H, 7:4; 
OMe, 48-9%). We have since isolated this product many times 
and in yields representing more than 70% of the tetramethyl 
y-fructose employed and have confirmed these analytical figures 
repeatedly. 

In view, however, of the exceptional behaviour of tetramethyl 
y-fructose towards dilute mineral acids, it seemed to us reasonable 
to suspect that, although the same oxidation product appeared to 
be constantly formed, the analytical data might be influenced by 
the presence of traces of the transformation product (III), (IV), or 
(V), arising in the way we have demonstrated in the earlier part of 
this paper. If so, it appeared to us that Haworth and Linnell’s 
oxidation product might be analogous in composition and structure 
to the initial product of oxidation of normal tetramethyl! fructose, 
that is, that the supposed lactone C,H,,0; might be the ethyl ester 
of a trimethoxy-lactol acid, C,;H 0, (XVII), isomeric with (XII), 
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for which the calculated figures are: C, 50:0; H, 7-6; OR (as 
OMe), 47-0%. This has indeed proved to be the case. The product, 
resembling a lactone in many of its properties, is unstable 
to alkali through retaining the free reducing group of the original 
sugar, and the titration data are for this reason slightly higher than 
those required for the lactol ester C,,H,,0,, and may readily be 
interpreted to satisfy the lactone formula C,H,,0;. We have 
isolated the corresponding methyl ester (XV) in yields of 75%, but 
in this case also the carbon value is slightly high owing to the 
presence of furan derivatives or their intermediate compounds as 
impurity. That this substance is not a lactone is, however, shown 
by its conversion into the higher homologue (XVI) of the lactol 
methyl ester by further methylation. This product no longer 
reduced Fehling’s solution, was comparatively stable towards 
alkali, and gave a titration value approximating closely to that 
required by this constitution. Treatment of this methylated 
product with methyl-alcoholic ammonia gave a crystalline amide 
(XVIII), m. p. 100—101°, the complete analysis of which established 
the molecular weight of the original ester, identifying it as being 
structurally analogous to the product of oxidation obtained under 
similar conditions from normal crystalline tetramethyl fructose. 


CH, ‘OMe 
ry: OH 
(x) | 4 CH-OMe 
O CH: OMe 
CH-OMe CH-OMe 
-CH, CH, 
CH,-OMe CO,H 
re OH 
(XIIT.) O CH: ‘OMe 
CH-OMe 
CH 
CH,*OMe 
CO,Me 
r¢: OMe 
0 CH: -OMe o4 CH-OMe 04 CH-OMe 
| CH: -OMe CH: OMe CH: OMe 
LOH CH CH 
CH,-OMe CH,-OMe CH,-OMe 
(XVI.) (XVII.) (XVITI.) 


The possibility has not escaped us that the methy] ester, C,,H,,0,, 
might also be formulated as in (XIX), representing the carboxyl 
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group in position 6 instead of in position 1 as given in formula 
(XV), but there are many indications which favour the latter 
structure. In the first place, the oxidations of both the normal and 
the y-form of tetramethyl fructose proceeded on exactly parallel 
lines and led to analogous products. The oxidation of the normal 
sugar is definitely shown not to affect position 6 (Haworth, Hirst, 
and Learner, Joc. cit.). Again, the action of hydrochloric acid on 
tetramethyl! y-fructose has in the present paper been shown to lead 
readily to an attack on the -CH,*OMe group in position 1. In both 
cases the vulnerable position towards the action of nitric acid may 
be expected to be that of the group in position 1. The further 
oxidation of these products will form the subject of a future 
communication. 

It seems probable that oxidation products similar to the above 
lactol esters have also been isolated by other workers in the course 
of investigations on derivatives of y-fructose, e.g., in the oxidation 
of tetramethyl y-fructose with nitric acid as conducted by McOwan 
(J., 1926, 1737). This author allocated formule based on the 
analytical data given by liquid specimens which were probably not 
homogeneous. Doubtless the compound represented by (XV) was 
also obtained by the above author, who assigned to it the formula 
of a keto-ester containing a four-carbon chain, one of the alternatives 
suggested being that of a substituted acetoacetic ester. 

The present constitutional position in regard to tetramethyl 
y-fructose is that, as we have shown in the earlier part of this paper, 
this sugar cannot contain an amylene oxide ring, since there is 
present a —CH,*OMe group in each of the terminal positions. The 
remaining possibilities are that the oxide ring is butylene-, propylene-, 
or ethylene-oxidic, but the 2 : 3-oxide ring is excluded inasmuch as 
3-methyl fructose gives rise to a y-methylfructoside (Allpress, J., 
1926, 1720), and the 1 : 2-oxide is excluded by the above results. 
We definitely favour the allocation of a butylene oxide formula, 
since this affords the simplest explanation of the peculiar trans- 
formations which tetramethyl y-fructose undergoes, leading with 
the greatest facility to furan compounds, and secondly, because in 
the series of aldoses the y-sugars which have been studied are 
butylene oxidic. 

EXPERIMENTAL. 

For the sake of brevity, numerous preliminary experiments are 
given in condensed form as follows : 

Purity of Tetramethyl y-Fructose——Tetramethyl y-fructose is 
acted upon both by acids and by alkalis, and in order to obtain 
a pure specimen, prolonged contact of the sugar even with dilute 
acid, especially at high temperatures, must be avoided. If suitable 
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precautions are not observed, the first distillation product may 
contain sufficient aldehydic material to give a pronounced colour 
to Schiff’s reagent. Careful hydrolysis of heptamethyl sucrose 
(Haworth, J., 1915, 107, 12; 1920, 117, 199), the most convenient 
source, with 0-4% aqueous hydrochloric acid at 60° as originally 
recommended, followed by neutralisation of the acid with barium 
carbonate and extraction of the tetramethyl sugar with chloroform, 
yielded a product the physical constants of which were in agree- 
ment both with those previously recorded and with those of a 
specimen of tetramethyl y-fructose which had been subjected to 
further rigorous purification. This was effected by means of 
bromine, which does not attack tetramethyl y-fructose, but oxidises 
a methylated aldose (Haworth and Mitchell, loc. cit.). Tetramethyl 
y-fructose in 20° aqueous solution was treated with half its weight 
of bromine for 16 hours at 35°. After removal of the bromine by 
aeration in the cold, the solution was neutralised with barium 
carbonate and the purified tetramethyl y-fructose was extracted by 
chloroform and distilled. The final product was neutral to litmus, 
gave no colour with aniline acetate or Schiff’s reagent, and had 
[a] + 31-3° (c = 2-015) and nj§° 1-4513. 

With regard to the method of purification recommended by 
McOwan (loc. cit.), who employed alkaline hypoiodite, it was found 
that the action of very dilute alkali (NV /30) on tetramethyl y-fructose 
resulted in changes such that the solution very quickly contained 
material which gave a positive test with Schiff’s reagent. Further 
details of these experiments will be communicated shortly, but in 
the meantime the results are sufficiently striking to warrant the 
opinion that the use of alkali at any stage of the purification of the 
sugar should be avoided. Even with neutral hypoiodite the purest 
samples of tetramethyl y-fructose give a figure corresponding to a 
content of 2-8% of tetramethyl glucose. Incidentally, it was 
found to be undesirable to use octamethyl sucrose as a source of 
tetramethyl y-fructose, inasmuch as a specimen, obtained in this 
way, which had not been subjected to the bromine treatment gave 
on oxidation with nitric acid small quantities of d-dimethoxy- 
succinic acid and i-xylotrimethoxyglutaric acid, both of which 
were recognised as their crystalline diamides (for method of isolation, 
see Hirst, J., 1926, 350). 

Oxidation of Tetramethyl y-Fructose with Nitric Acid.—A series of 
oxidations was carried out with both concentrated (d 1-42) and 
dilute (d 1-2) nitric acid under various conditions of temperature 
and times of oxidation, the products being isolated both as esters 
(methyl and ethyl) and also by simple distillation without the use 
of alcohol at any stage of the experiment. Details of the methods 
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employed are given in earlier communications (Haworth and Hirst, 
loc. cit.) and it will be sufficient to give here a summary of the 
results. 

I. With nitric acid, d 1:2. (Time, 20 hours at 60° or 9 hours at 
90°.) 

When the oxidation product was collected as an acid, contact 
with alcohol being avoided, distillation gave a strongly reducing 
syrup which was evidently a complex mixture of products. From 
this, crystals of the optically inactive acid CgH,)0; (m. p. 88—89°; 
Haworth and Hirst, J., 1926, 1858) separated on standing. Frac- 
tionation of the remaining syrup failed to give any homogeneous 
material, and the colourless distillate, in addition to reducing 
Fehling’s solution, was unstable when kept and became nearly 
black in the course of a few weeks. 

When methyl alcohol was used for esterification, the distilled 
product invariably gave the strongly reducing methy] ester, C,)H,,0,, 
of the acid the ethyl ester of which was obtained under different 
conditions of working by Haworth and Linnell (loc. cit.). The 
prolonged treatment with nitric acid required in this experiment 
led to the formation of a considerable quantity of oxalic acid. 

II. With nitric acid, d 1-42. By the use of the stronger acid, the 
time required for the oxidation was curtailed, much of the decom- 
position caused by long contact with an acid medium thus being 
obviated. Isolation of the product as methyl ester now gave in 
larger yield (up to 75% of the weight of the sugar used) a methy] 
ester, the physical properties of which approximated to nj;" 1-4500; 
[«|p + 30° in water, and gave analytical figures in fairly close 
agreement with those required by a compound of formula C,)H,,0; 
(Found: C, 484; H, 76; OMe, 49°6. Calc.: C, 48°0; H, 772: 
OMe, 49°6%). Under similar conditions of oxidation but with the 
use of ethyl alcohol for esterification, equivalent yields of the 
substance described by Haworth and Linnell were obtained. The 
analytical figures formerly given were confirmed and found to 
correspond with those required by a substance of formula C,,H9599;- 

The methyl ester was unstable to alkali and vigorously reduced 
Fehling’s solution, accurate titration figures being therefore impos- 
sible to obtain. It was unstable even on being kept at the ordinary 
temperature in a desiccator, showed a progressive increase in the 
value of mp amounting to + 0-004 approximately after 3 weeks, 
and became distinctly darker in colour. 

Methylation of the Product C,>H,,0,.—With the view of determin- 
ing the nature of the reducing group present, the strongly reducing 
methyl ester C,)H,,0, was methylated with Purdie’s reagents. 
The product on distillation gave a main fraction distilling at a bath 


THE CONSTITUTION OF THE DISACCHARIDES. PART xii. 1521 


temperature of 165°/16 mm.; nj 1-4392; |«|p + 9° in methyl 
alcoho] (Found: C, 49:9; H, 7-8; OMe, 57-0; CO,Me, 24-0. 
C,,H0, requires C, 50:0; H, 7-6; OMe, 58-7; CO,Me, 22-4%). 
It was now non-reducing. Amide formation was effected by dis- 
solving the ester in methyl alcohol saturated with ammonia. 
No deposition of crystals occurred until the solvent had been 
evaporated ; the residual syrup then crystallised. The long needles 
so obtained were drained on porous earthenware and washed with 
ether and light petroleum; they then melted at 95—100°. 

Preparation of the Amide C,,H,,O,N, m. p. 100—101°.—The 
results described up to this point were regarded as merely pre- 
liminary in view of the uncertainty attaching to any interpretation 
based solely on the examination of liquid substances. It had 
become apparent during the course of the experiments that the 
action of acid on the strongly reducing oxidation products, unless 
carefully controlled, led to profound and complex changes even 
during the processes necessary for the isolation and characterisation 
of the substances in question. Accordingly, another series of 
experiments was carried out in which the contact with acid was 
reduced to the minimum and the sensitive reducing group was pro- 
tected as soon as possible by methylation. In this way substantial 
yields of the above-mentioned crystalline amide (m. p. 95—100°) 
were obtained, amounting to 40% by weight of the tetramethyl 
y-fructose used. 

Ten g. of tetramethyl y-fructose were treated with 70 c.c. of 
nitric acid (d 1-420). Vigorous oxidation began at 70°; the tem- 
perature was thereafter gradually raised in the course of an hour 
to 92° and maintained for 1? hours. The nitric acid was then 
removed in the usual way at 50°/15 mm., the distillation with 
repeated addition of water being carried on for 5 hours only. 
Methyl alcohol was added, and distilled off to remove water, and 
the residual syrup was boiled for 4 hours with 70 c.c. of methyl 
alcohol. Removal of the solvent yielded a syrup which still 
contained a little nitric acid but was soluble in methyl iodide. The 
solution in methyl iodide was neutralised with silver oxide (3 g.), 
and methylation with silver oxide (30 g.) then proceeded under 
the usual conditions, the reaction being sufficiently vigorous in the 
cold to cause the solvent to boil. The product was purified by 
distillation, giving (a) 1-2 g., mainly methyl oxalate and solvent; 
(6) 4-4 g., bath temp. 161°/16 mm., ni" 1-4422; (c) 3-0 g., bath 
temp. 166°/16 mm., nj” 1-4442; and (d) 1-1 g., bath temp. 180°/ 
16 mm., n° 1-4470. There was no sign of decomposition at any 
stage of the distillation. Fractions (6) and (c) appeared to he 
essentially the same product or mixture of products. 


1522 HAWORTH, HIRST, AND NICHOLSON : 


Fraction (b) was a colourless, mobile syrup without action on 
Fehling’s solution and was not decomposed to give coloured sub- 
stances by hot alkali; [«]) — 8° in methyl alcohol (c = 2-452) 
(Found: C, 49:0; H, 7-5; OMe, 57-0; CO,Me, 32:0%). The 
analytical figures revealed that the distillate was not a single sub- 
stance, but amide formation proved that it consisted very largely 
of the methyl ester (methylated), C,,H,,0,. A solution of 1:3 g. 
in 10 c.c. of methyl alcohol saturated with ammonia deposited no 
crystalline material after being kept for a week. The clear solution 
was then allowed to evaporate, whereupon the resulting syrup 
crystallised. The crystals were extracted with boiling light petro- 
leum (b. p. 60—80°) and could easily be recrystallised from this 
solvent. The yield of pure recrystallised material was 0-5 g. In 
all, from 6-3 g. of fractions (b) and (c), 3-0 g. of pure recrystallised 
amide were obtained. It crystallised from light petroleum in tufts 
of interlacing needles resembling cotton-wool in appearance. It 
was very soluble in methyl] and ethyl alcohols and water, less soluble 
in acetone, and slightly soluble in ether. M. p.100—101°; [«], —76° 
in water (c = 1-099) (Found: C, 48-0; H, 7:8; N, 5-4; N, by 
titration, 5-5; OMe, 47-7. OC, 9H,,0,N requires C, 48-2; H, 7:6; 
N, 5:6; OMe, 49-8%). 

The residue, after extraction with light petroleum, contained 
some solid matter embedded in a stiff gum. The syrup was removed 
by extraction with benzene, and the powdery residue was recrystall- 
ised from alcohol containing light petroleum. M. p. 177—178°. 
This material was insoluble in the usual organic solvents except 
ethyl and methyl alcohols. It was readily soluble in water. 
Apparently it was not a pure substance, but the analytical figures 
indicated clearly that it represented the amide of that portion of 
the original oxidation product which was responsible for the low 
value of carbon and the high value of CO,Me. Yield, 0-6 g. from 
6 g. of ester (Found: C, 40-3; H, 6-2; N, 12:2; OMe, 39-1%). 

The Action of Acetic Anhydride and Sodium Acetate on Tetra- 
methyl y-Fructose—Tetramethy] y-fructose (5 g.), anhydrous sodium 
acetate (5 g.), and acetic anhydride (50 g.) were heated together at 
120° for 14 hours and then at the boiling point of the mixture for 
another hour. The solution was then poured into water (4 vols.), 
and after a few hours the product was extracted with chloroform. 
Removal of the solvent left a syrup containing acetic acid, which 
was removed by keeping the mixture in a desiccator over potassium 
hydroxide. Distillation now gave a series of fractions with a wide 
range of boiling points and refractive indices, revealing the presence 
of a complex mixture of substances, the lowest-boiling fraction of 
which represented the most homogeneous portion. This (0-7 g-; 
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b. p. about 55°/0-01 mm.; ji” 1-4985) was a colourless oil which 
darkened when kept and gave all the reactions of an unstable 
aldehyde. It had the odour of furiural, readily combined with 
phenylhydrazine to give a liquid phenylhydrazide, reduced Fehling’s 
solution, gave Schiff’s test for aldehydes, and produced an intense 
‘4 red colour with aniline acetate. It showed slight acidity towards 
‘4 =litmus, but this was probably due to the presence of impurities. 
Analysis showed that the product was not a single substance 
(Found: C, 57-4; H, 6-6; OMe, 31-7%), but it was proved to be 
largely w-methoxy-5-methylfurfural by the following series of 
reactions. Treated with semicarbazide hydrochloride and sodium 
acetate, a concentrated aqueous solution of the aldehyde immedi- 
ately gave a precipitate of the crystalline semicarbazone, m. p. 
166—167° after recrystallisation from alcohol. Similar treatment 
| with hydroxylamine hydrochloride and sodium acetate gave the 
| oxime as a mobile oil which readily crystallised. Recrystallised 
| from light petroleum (b. p. 40—60°) containing a little ether, it was 
obtained in colourless, matted needles, m. p. 103—104°. Further 
details and analytical figures for these compounds are given in the 
following paragraph. 

The Action of Hydrochloric Acid on Tetramethyl y-Fructose. 
Preparation of w-Methoxy-5-methylfurfural—o-Methoxymethy]l- 
furfural was more readily obtainable by the action of hydrochloric 
acid on tetramethyl y-fructose. Tetramethyl y-fructose was mixed 
with twice its weight of 8° hydrochloric acid and heated at 80°. 
The solution darkened and methyl alcohol distilled over, this being 
identified by the usual tests. After treatment in this way for 
1} hours, the solution was cooled and repeatedly extracted with 
chloroform. ‘The extracts were neutralised with sodium carbonate, 
dried, and filtered. After removal of chloroform, a mobile syrup 
remained (70%), which was divided into two fractions by distill- 
ation: I, b. p. about 54°/0-07 mm., mp 1-4908 (yield over 30%); 
II, b. p. up to 82°/0-04 mm., mp 14597. Fraction I had a powerful 
aldehydic odour, restored the colour to Schiff’s reagent, gave a red 
coloration with aniline acetate, and immediately decolorised neutral 
permanganate. 

The semicarbazone was prepared and twice recrystallised from 
alcohol; it melted at 166—167° and was identical with that obtained 
by the action of acetic anhydride and sodium acetate on tetra- 
methyl y-fructose (Found: C, 48-7; H, 5-5; OMe; 15-4; N, 21-7. 
C,H,,0,N, requires C, 48:7; H, 5-6; OMe, 15:7; N, 21-3%). 
e€ oxime also was prepared; after recrystallisation from light 
petroleum and ether, it melted at 103—104° and was identical with 
, that obtained and described in the previous section (Found: 
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C, 54:1; H, 5-9; N, 9-1; OMe, 18-8. C,H,O,N requires C, 54:2; 
H, 5-8; N, 9:05; OMe, 20-0%). 

Fraction II contained some of the aldehyde already examined, 
and probably some unchanged tetramethyl y-fructose and inter- 
mediate products. 

In order to study the effect of more drastic treatment with mineral 
acid, the following experiment was carried out: The sugar (10 g.) 
was treated with concentrated hydrochloric acid (4 c.c.), the tem- 
perature being very gradually raised until at 80° a liquid began to 
distil. This was methyl alcohol. After remaining over-night at 
room temperature, the mixture was heated at 50°/0-1 mm. until the 
methyl alcohol and water had been removed, leaving a residue 
(6 g.). The bath temperature was then raised and, the first two 
drops being rejected, a fraction (4-4 g.) was obtained, b. p. 70—75°/ 
0-4 mm., n>” 1-5060. A small, dark residue remained. 

Refractionation of 3 g. of the above material gave (1) 0°3 g., 
b. p. below 50°/0-05 mm., nj} 1-5020; (2) 1-7 g., b. p. 53°/0-05 mm., 
mp 15105; (3) 0-9 g., b. p. above 55°/0-05 mm., nj” 1-5078. The 
middle fraction was crude w-methoxy-5-methylfurfural (Found: 
C, 58:3; H, 6-0; OMe, 24-1. C,H,O, requires C, 60-0; H, 5:7; 
OMe, 22-1%). The oxime (m. p. 103—104°) and the semicarbazone 
(m. p. 166—167°) were prepared by the methods given above and 
were identical with the corresponding derivatives of the aldehyde 
prepared by the action of acetic anhydride on tetramethyl y-fructose. 
Mixed melting-point determinations of the corresponding oximes 
and semicarbazones gave no depression, the values being 103—104° 
and 166—167° respectively. 

The analytical figures given by the aldehyde indicated that a 
small quantity of a more highly methylated substance was present, 
and attempts were made to obtain the pure aldehyde by regenerating 
it from the crystalline semicarbazone. Hydrolysis by dilute hydro- 
chloric acid or by oxalic acid failed to give satisfactory results. 
The use of 18°/, hydrochloric acid appeared to liberate the aldehyde, 
but it changed at once to a dark, viscid mass which still retained 
the characteristic odour of the aldehyde. 

Oxidation of w-Methoxy-5-methylfurfural to give w-Methoxy-5- 
methylfuran-2-carboxylic Acid.—The oxidation was carried out by 
Frankland and Aston’s method (J., 1901, 79, 515). Calcium 
hydroxide (1-5 g.) was made into a paste with water (5 c.c.), and 
the aldehyde (1 g.) was added; 13-6 c.c. of a solution of potassium 
permanganate containing 5-5 g. per 100 c.c. were then added, with 
constant stirring, during 30 minutes, the temperature being main- 
tained throughout at 10° by addition of ice as required. The 
mixture was heated on the steam-bath and filtered hot, and the 
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precipitated manganese oxides were repeatedly washed with hot 
water. The united filtrates were evaporated to dryness under 
diminished pressure, and the acidified residue extracted with dry 
ether. The extract yielded a dark syrup, which was dissolved in 
a little water and carefully neutralised with dilute sodium hydroxide 
solution. Evaporation under diminished pressure gave the sodium 
salt, which, after being freed from some syrupy material by washing 
with ether, was clean and hard. A solution of it in a very slight 
deficiency of dilute hydrochloric acid was evaporated to dryness 
under diminished pressure, and the free organic acid extracted by 
dry ether. Removal of the ether gave a mobile syrup which crystall- 
ised when stirred. The solid was drained on porous earthenware 
and the pure w-methoxy-5-methylfuran-2-carboxylic acid was obtained 
by recrystallisation from light petroleum; it melted at 72—73° 
after slight softening at 69° and was optically inactive (Found : 
C, 54:0; H, 5-1; OMe, 18-9. C,H,O, requires C, 53-9; H, 5:1; 
OMe, 19:9%. 0-1996 G. required 12-7 c.c. of N/10-NaOH for 
neutralisation. Cale. for C,H,O,, 12-8 c.c.). 

Preparation of w-Methoxy-5-methylfuran-2-carboxylic Acid from 
o-Bromo-5-methylfurfural—The w-bromomethylfurfural was _pre- 
pared by Fenton and Gostling’s method (J., 1899, 75, 429), the 
following modification giving an improved yield. Fructose (15 g.) 
was covered with dry chloroform (250 c.c.) saturated with hydrogen 
bromide. The mixture was heated at 60—65° for one hour and 
then kept at room temperature over-night. The product (4-9 g.), 
after recrystallisation from ether, had m. p. 60—61°. The pure 
crystalline w-bromomethylfurfural (7 g.) was simultaneously hydro- 
lysed and oxidised by means of silver oxide (60 g.) suspended in 
boiling water (Fenton and Gostling, loc. cit.). Isolation of the 
o-hydroxymethylfurancarboxylic acid yielded a light brown, crystall- 
ine solid as crude product (5-6 g.), recrystallisation of which from 
ethyl acetate gave material having m. p. 159—161°; this m. p. 
was raised to 165-5—167° (turning brown at 158°) by two further 
crystallisations from alcohol-toluene. Fischer and Andreae give 
m. p. 165—167° (turning brown at 157°) (Found : C, 50-5; H, 4:3. 
Cale.: C, 50:7; H, 4:2%). 

Methylation of «-Hydroxy-5-methylfuran-2-carboxylic Acid.—The 
acid (1 g.) was heated at 45—50° with methyl iodide (20 g.) and 
silver oxide (10 g.), addition of methyl alcohol (4 c.c.) being neces- 
sary to effect solution of the acid. Isolation of the product was 
followed immediately by 2 second methylation under similar con- 
ditions, the addition of only 1 c.c. of methyl alcohol now being 
necessary. For the third methylation no methyl alcohol was 
required. The product, on distillation, gave methyl w-methoxy- 
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5-methylfuran-2-carboxylate (0-8 g.) as a colourless liquid, b. p. about 
61°/0-:05 mm., nj" 1-4938 (Found: OMe, 35:3. C,H,,0, requires 
OMe, 36-5%). 

wo-Methoxy-5-methylfuran-2-carboxylic Acid—The above ester 
(0-2 g.) was warmed on the water-bath for 2 hours with a 1% 
aqueous solution of sodium hydroxide (10 c.c.). Hydrochloric 
acid was then added until the solution was acid to Congo-paper, 
and the product was isolated by extraction with ether. Evapor- 
ation of the solvent gave a colourless syrup which immediately 
crystallised. Recrystallisation from light petroleum (b. p. 40—60°) 
gave pure w-methoxymethylfurancarboxylic acid, which, alone or 
mixed with a specimen prepared from tetramethyl y-fructose, 
melted at 72—74° after softening slightly at 69°. 

Preparation of w-Methoxy-5-methylfuran-2-carboxylic Acid from 
Glucosamine.—Glucosamine hydrochloride (10 g.) was treated with 
nitrous acid to give chitose, and the latter, without being isolated, 
was oxidised by bromine to chitonic acid. The calcium salt of this, 
after being recrystallised from water (yield, 3-3 g. Found: (Ca, 
9-35. Cale.: Ca, 9-3%), was converted (2-8 g.) into w-acetoxy- 
methylfurancarboxylic acid by the action of sodium acetate and 
acetic anhydride. The product (1-9 g.), recrystallised from ether, 
had m. p. 115—118° (Found: C, 52-0; H, 4-7. Calc. for C,H,0;: 
C, 52:2; H, 4-4%). 

The acetyl compound was hydrolysed by means of baryta, and 
the free acid obtained melted, alone or mixed with w-hydroxy- 
methylfurancarboxylic acid prepared from w-bromomethylfurfural, 
at 165—167°, colouring slightly at about 156°. The hydroxy-acid 
(0-5 g.) was heated with methyl iodide (10 g.), silver oxide (5 g.), 
and methyl alcohol (2—3 c.c.) at 45—50°; the methyl ester thus 
obtained was hydrolysed by means of N/4-sodium hydroxide 
(30 c.c.) for 2 hours on the water-bath, and the solution of the 
sodium salt was acidified. The w-methoxy-5-methylfuran-2-carb- 
oxylic acid, after recrystallisation from ether, melted at 72—73°, 
alone or mixed with the specimens prepared from tetramethyl 
y-fructose and from w-bromomethylfurfural. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, April 29th, 1927.] 
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CCII.—The Constitution of the Disaccharides. Part 
XIV. Melibiose and its Relationship to Raffinose. 


By WILLIAM CHARLTON, WALTER NorMAN HAwortu, and WILFRED 
JOHN HICKINBOTTOM. 


{AFFINOSE was the subject of a constitutional study in an earlier 
communication (Haworth, Hirst, and Ruell, J., 1923, 123, 3125), 
wherein it was stated that completely methylated raffinose gives 
rise on hydrolysis to three methylated fragments: (1) normal 
tetramethyl galactose; (2) 2:3: 4-trimethyl glucose*; (3) tetra- 
methyl y-fructose, and in the course of recent work these experi- 
mental results were confirmed. The constitution advanced for this 
trisaccharide, translated into terms of the revised formule for the 
constituent hexoses (Charlton, Haworth, and Peat, J., 1926, 89; 
Haworth and Hirst, ibid., p. 1858), is formulated 


CH 


‘ay 


It was also stated that “from this determination of the structure 
of raffinose it may be inferred that the constitution of melibiose 
proposed by Haworth and Leitch (J., 1919, 115, 809) receives 
substantial confirmation, but inasmuch as structural changes may 
occur in the resulting disaccharide when the fructose residue is 
eliminated from raffinose, it has been thought desirable to undertake 
a separate investigation of melibiose, which is now in progress.” 

The results of that investigation are now presented, and they 
support the view that the glucose and galactose residues occurring 
in raffinose are identical with those in melibiose. During the isol- 
ation of hendecamethy] raffinose in the earlier work, a small quantity 
of a crystalline by-product was encountered, m. p. 78°, which was 
considered to be a completely methylated disaccharide, probably 
melibiose. This had been formed by partial hydrolysis of raffinose 
during the process of methylation. This crystalline substance when 
purified (m. p. 101—103°) gave on hydrolysis 2:3: 4: 6-tetra- 
methyl galactose, and a liquid trimethyl glucose which on conversion 
into the glucoside gave the characteristic crystalline 2 : 3 : 4-tri- 


* This formula was indexed as 2 : 3 : 5-trimethylglucose on the basis of the 
older formula for glucose. 
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methyl @-methylglucoside, m. p. 94°, identical with that previously 
isolated from methylated raffinose. 

For the purpose of this comparison, we have again submitted 
hendecamethy] raffinose to hydrolytic cleavage, and have separated 
the trimethyl glucose fragment from the other methylated hexoses 
by extraction with chloroform. The tetramethyl derivatives of 
galactose and y-fructose are removed by this solvent, as is also a 
small proportion of the trimethyl] glucose, but the greater proportion 
of the trimethyl glucose remains in the aqueous solvent. Isolation 
of this residue and conversion into the glucoside gave again the 
characteristic crystalline 2 : 3 : 4-trimethyl 6-methylglucoside, m. p. 
93—94°. Finally, we have prepared melibiose from raffinose and 
have transformed this sugar into heptamethyl methylmelibioside, 
which is a crystalline compound. It has previously been described 
by Schlubach and Rauchenberger (Ber., 1925, 58, 1184) as forming 
needles, m. p. 98-5° (after twice crystallising from light petroleum). 
Ordinarily, the substance is found to melt at about this temperature, 
but two further crystallisations raised the melting point to 101— 
103°, and this specimen gave no depression of m. p. when mixed with 
the methylated melibiose isolated as a by-product during the methy]- 
ation of raffinose (see above). On repeated crystallisation, however, 
the m. p. was raised to 106—107°, and the specific rotation was 
correspondingly diminished from [«]p + 113° to [«]p + 97-8° (in 
water). 

It thus appeared that the material had been contaminated with 
what was probably an «-form of heptamethyl methylmelibioside ; 
indeed a portion of the material was isolated (m. p. 122—123°).* 
As is usual, however, in the methylation of sugars with methy] 
sulphate and alkali, the major bulk of the product was isolated as 
the B-form. This was hydrolysed with dilute mineral acid and the 
mixture of tetramethyl and trimethyl hexoses was separated by 
taking advantage of the greater ease with which a tetramethyl 
hexose may be extracted from aqueous solution by chloroform. 
In this way this tetramethyl hexose was recovered from the 
solution in chloroform and was shown to contain crystalline 
2:3:4: 6-tetramethyl galactose, m. p. 71—73°; [«]p + 149:4°—> 
116-9° (yield 50%). The portion remaining in the aqueous solution 
represented about 35% of the weight of the original methylated 
melibiose. The latter product was liquid, and was transformed into 
a mixture of the a- and $-methylglucosides by heating with methyl- 
alcoholic hydrogen chloride. This mixture of the two stereoisomeri¢ 


* A mixture of the a- and £-forms (m. p. 82°; [a]p + 145°) also gave on 
hydrolysis 2:3:4-trimethyl glucose, isolated as the B-methylglucoside, m. P- 
94° (yield, 28%). 
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forms of the glucoside distilled completely and underwent spontan- 
eous crystallisation immediately. Of the total yield of distillate, 
13—15% by weight was collected as the characteristic 2 : 3 : 4-tri- 
methyl 6-methylglucoside, which on recrystallisation gave m. p. 92°. 
The liquid portion of the distillate doubtless contained a further 
quantity of this crystalline material. 

Since the original distillate represented an equilibrium mixture 
of «- and $-forms, the former of which is liquid, it will be recognised 
that the whole of the product cannot be isolated as the crystalline 
8-variety. Proof of the identity of the glucoside was established 
by mixed melting-point determinations with specimens of the 
2:3:4-trimethyl $-methylglucoside which had previously been 
isolated (a) from heptamethyl methylgentiobioside, (6) from methyl- 
ated amygdalin, (c) from methylated raffinose, references to which 
preparations are given in the experimental section of this paper. 
Furthermore, a specimen of the crystalline 2:3: 4-trimethyl 
8-methylglucoside has been specially prepared for the present 
comparison in the following way. 

The 6-triphenylmethyl glucose (Helferich, Moog, and Jiinger, 
Ber., 1925, 58, 872) was completely methylated with methyl iodide 
and silver oxide, and thereafter the triphenylmethyl residue was 
removed by hydrolysis. The specimen of 2:3: 4-trimethyl 
§-methylglucoside obtained in this way was identical in all respects 
with the above material obtained from methylated melibiose. 


oT 
CH-OH | 
CH-OH O 
CH-OH 
Vo 
CH,:OH 


Glucose residue. Galactose residue. 


The evidence adduced from these experimental results does not 
appear to be capable of any simple interpretation other than that in 
melibiose there is present a glucose residue which is attached 
through its (6) position to the reducing group of the galactose 
residue, and therefore the formula (IJ) previously advanced by 
Haworth and Leitch (J., 1918, 113, 188) as modified by the intro- 
duction of the new oxide-ring formule for the hexoses (Charlton, 
Haworth, and Peat, J., 1926, 89) is fully supported. 

In the interim Zemplén (Ber., 1927, 60, 923) has advanced new 
structural formule for melibiose and raffinose, differing from those 
which have been assigned by us to these sugars. The experimental 
evidence on which Zemplén bases his conclusions is the failure, which 

3F 
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he records, to isolate a phenylosazone from the galactoarabinose 
obtained by degradation of melibiose. Haworth and Long (this 
vol., p. 544) have already pointed out that an element of danger 
attaches to this method of proof, and indeed, the trimethyl hexose 
which would be expected on the basis of Zemplén’s formula for 
melibiose would be 2:4: 6-trimethyl glucose. Fortunately, we 
had a specimen of this sugar, and its glucoside, in our possession 
for the purpose of comparison, and it may be definitely stated that 
this sugar could not be isolated from the products of hydrolysis of 
methylated melibiose. 


Discussion of Results. 


The fact that melibiose is slowly attacked by the enzymes present 
in emulsin (Fischer and Armstrong, Ber., 1902, 35, 3144) has been 
widely interpreted in the literature as evidence for the classification 
of this sugar as a glucose 8-galactoside. The specific enzyme for the 
hydrolysis of melibiose is, however, that occurring in bottom yeast, 
which is designated melibiase. 

The observation of Helferich and Rauch (Ber., 1926, 59, 2655) 
casts doubt on the presence of a 8-biose linking in this sugar, and 
these authors suggest that the configuration assigned may be 
incorrect. The following comparisons of the specific rotations may 
be considered in the discussion of this point. 


Maltose (8-glucose- Cellobiose (B-glucose- 
a-glucoside) -+-118 B-glucoside) 
Gentiobiose (B-glucose- 
B-glucoside) 
Melibiose +1: Lactose (B-glucose- 
B-galactoside) 


Those disaccharides which possess indisputably a {-biose linking 
have low rotations as compared with maltose, which has an «-biose 
linking, and melibiose displays a rotation corresponding to that of 
maltose. Moreover, «-methylgalactoside has [a]p +- 178-8°, whilst 
the specific rotation of 8-methylgalactoside is -. 0°. If melibiose 
were a glucose £-galactoside, its rotation, on the analogy of the 
relationship of lactose to gentiobiose, should be nearly zero, whereas 
if it were a glucose «-galactoside the rotation should be comparable 
with that of maltose, which is the case. 

It has previously been remarked (Haworth and Leitch, J., 1919, 
445, 813) that there is some resemblance to maltose in the be- 
haviour of melibiose, and this resemblance may be due to a stere0- 
chemical rather than a structural relationship. 

On Hudson’s method of representation (J. Amer. Chem. Soc. 


THE CONSTITUTION OF THE DISACCHARIDES. PART xIv. 1531 


1916, 38, 1566) the rotations of the disaccharides could each be 
divided into three parts as follows : 
[a]p, [a]p, B-form 
B-form. octa-acetate. 
1. Lactose B-galactose<glucose< Ga — L, <n — 4° 
2. Cellobiose f-glucose<glucose< G — L, + —15 


3. Maltose a-glucose<glucose< G + L, + R, +63 


From (2) and (3) by subtraction L = 51 for the 8-forms of the sugar, 
and this value is in excellent agreement with the value L = 50 for 
the lactonyl grouping in the simple glucosides and galactosides (re- 
calculated for mol. wt. 342 for disaccharides). Furthermore, 
Hudson has pointed out that the value + 19° for (@-lactose— 
8-cellobiose) agrees excellently with his calculated value + 18°. 

As further confirmation of these relationships, we may consider 
lactose and maltose. 


By subtraction 118 — 35 = G — Ga + 2L 
83 =G— Ga + 102 
or Ga —-G = 19 


(Hudson’s calc. value = 18.) 


In view of the above, it would appear possible to take the value 
L = 51 and use it in the case of melibiose, at least as a very fair 
approximation. 

If the rotation of melibiose be compared with that of gentiobiose, 
we have the following possible cases : 

[a]p, B-form. 
1. Melibiose an a-biose a-galactose<glucose< Ga + L + R, 
2. Gentiobiose B-glucose<glucose< G — L + R, 
3. Melibiose a B-biose B-galactose<glucose< Ga — L + R, 

(2) Melibiose as an «-biose, 

From (1) and (2) the difference in rotation between the @-forms of 
melibiose and gentiobiose = 135 or Ga — G + 2L. From Hudson’s 
observed values for the experiment, Ga — G = 19, and L calculated 
as above and confirmed = 51. 


Hence calculated diff. = 121, 
observed ,, = 135. 
(6) If melibiose is a 8-biose, from (2) and (3) the difference in 
rotation = Ga — G. 
Hence calculated diff. = 19, 
observed ,, = 135. 
Therefore presumably melibiose must be an «-biose. 
Similar calculations based on the observed figures for the octa- 


acetates of the disaccharides, gentiobiose, melibiose, and the 
synthetic 6-glucosido-8-galactose of Helferich and Rauch (loc. cit.), 
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also favour the presence of an «- rather than a §-biose linking 
in melibiose, and the agreement between the observed and the 
calculated value for the expression Ga’ — G’ (107 and 113) is also 
fairly close, whereas the calculated figure for melibiose as a 
8-biose is 11. 

Occasion may here be taken to correct a misprint in the paper by 
Haworth, Hirst, and Ruell (loc. cit.), where the m. p. of 2 : 3: 4-tri- 
methyl $-methylglucoside is given as 74° instead of 94°. That this 
is a typographical error is seen from the context, since this product 
was described as being identified by a mixed m. p. determination 
with the same product from amygdalin biose (gentiobiose), described 
in the paper immediately preceding it in the Journal (Haworth 
and Wylam, loc. cit.), where the m. p. is given as 94:5°. Again, the 
m. p. 94°, and not 74°, is given in the abstract of Haworth, Hirst, 
and Ruell’s paper published about the same date (J. Soc. Chem. Ind., 
1923, 42, 1139); and is also given as 94° in the preliminary notice of 
papers to be read at the meeting on November 15th, 1923. These 
facts appear to have escaped the knowledge of Irvine and Macdonald 
(J., 1926, 1507), who on the basis of this misprint criticise the formula 
we have applied to raffinose. 


EXPERIMENTAL. 


Melibiose was obtained from raffinose by fermentation of the latter 
with top yeast containing a small quantity of malt sprouts as 
recommended by Hudson (J. Amer. Chem. Soc., 1915, 37, 2734), and 
the resulting disaccharide was identified as melibiose by the melting 
point and specific rotation of the octa-acetate. 

Methylation.—To melibiose (22 g.), dissolved in 100 c.c. of water, 
56 ¢.c. of sodium hydroxide solution (30%) and 38 c.c. of methyl 
sulphate were added at 30° over a period of 3 hours. By cautious 
and simultaneous addition of these reagents the solution was not 
permitted to become alkaline until the sugar had been deprived of its 
reducing activity. Thereafter 28 c.c. of the alkali were added, the 
temperature was raised to 70°, and the remaining portions of the 
reagents (making in all 196 c.c. of 30% sodium hydroxide and 
107 c.c. of methyl sulphate) were admitted slowly. For example, 
lots of 14 c.c. of alkali and 7-6 c.c. of methyl sulphate were simultane- 
ously admitted during a period of 25 minutes, with vigorous stirring. 
Finally, the solution was heated at 100° for an hour, then cooled, 
stirring being continuous during the separation of sodium sulphate. 
Over-night, more sodium sulphate separated. This was filtered off 
and washed with chloroform, and the filtrate was extracted four 
times with more chloroform. The latter extracts yielded 15 g. of 
syrupy product. The aqueous residues were neutralised, evaporated, 
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and extracted with alcohol, and the portion of partly methylated 
melibiose which was more soluble in water was thus recovered 
(10 g.). 

The combined products were again submitted to the action of 
methyl sulphate and alkali, and to ensure complete methylation 
the products from this treatment were twice methylated with 
Purdie’s reagents. 

The material isolated by following this procedure was a viscid 
syrup which crystallised almost completely on nucleation with a 
specimen of heptamethyl methylmelibioside which had been 
isolated during the earlier experiments on the methylation of raffin- 
ose. The crude solid (yield, over 20 g.) was recrystallised from 
light petroleum several times (Found: OMe, 54:3. Calc., 547%). 
The initial m. p. of the crude methylated melibiose, 85—90°, was 
raised considerably by repeated crystallisation from light petroleum, 
and after four or six such recrystallisations the crystals had m. p. 
101—103° and showed [«]p>+113-8° in water (c = 1-22). 
Ordinarily, this might have been regarded as a pure specimen of 
heptamethyl @-methylmelibioside, and Schlubach and Rauchen- 
berger (Ber., 1925, 58, 1184) describe the substance as melting at 
985°. This material gives correct analyses, but it seemed to us 
doubtful whether it was stereochemically pure. By recrystallising 
this five times, the crystals showed a higher melting point, 106— 
107°, and a diminished rotation, [«]p + 97:8° in water (c = 1), 
+ 85:0° in ethyl alcohol (c = 1-1) (Found: C, 52-8; H, 8-5; OMe, 
53°5. Cale.: C, 52-9; H, 8-4; OMe, 54°7%). It was thus evident 
that the purification had resulted in the removal of the «-stereo- 
isomeride, and elsewhere we describe what appears to be the 
a-variety, m. p. 122—123°. 

Hydrolysis —A solution of 2 g. of heptamethyl methylmelibioside 
in 150 c.c. of 5% hydrochloric acid was heated at 95—100°. The 
rotations in a 1 dm. tube showed [«]p 1-34° (initial); 1-22° (1 hr.); 
1-21° (24 hrs.); 1-18° (4 hours); 1:18° (54 hours). The solution 
was neutralised with silver carbonate, filtered, and treated with 
charcoal to remove traces of silver, and the concentrated filtrate was 
extracted five times with chloroform. This extract on evaporation 
gave 1 g. of a syrup which crystallised spontaneously after 2 weeks ; 
m. p. 71—73° (after crystallisation from light petroleum). It was 
recognised as 2: 3 : 4 : 6-tetramethyl galactose by direct comparison 
and mixed melting-point determination with the specimen prepared 
from lactose by Haworth and Long (this vol., p. 544), [«Jp + 
149-4°_» 116-9°. 

The anilide also was prepared; m. p. 192—193°, unchanged in 
admixture with an authentic specimen of tetramethyl galactose 
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anilide. The portion of the hydrolysed product which was not 
extracted by the chloroform was recovered on evaporation of the 
aqueous solution under diminished pressure. This was a liquid 
(0-65 g.) representing the trimethyl hexose fragment of the hydro- 
lysed product. A small quantity of this material was also present 
in the chloroform extract already mentioned, containing principally 
the tetramethyl galactose fragment, so that approximately equal 
weights of the latter and of the trimethyl hexose comprised the 
total products of hydrolysis (weighing 1-65 g.). 

The syrupy trimethyl hexose was dissolved in dry methyl alcohol 
containing 0-5°% of hydrogen chloride and heated at 100—110° for 
10 hours. Neutralisation of the solution with freshly precipitated 
silver carbonate and removal of the solvent led to the isolation of a 
glucosidic substance, having no action on Fehling’s solution and 
distilling under 0-01 mm. almost completely from a bath heated to 
110—130°. The colourless distillate crystallised spontaneously in 
the receiver, but the crystals were contaminated with liquid, which 
was drained on porous tile. Evidently both a liquid «-form and a 
crystalline $-form of the glucoside were present. The crystalline 
product was purified by means of light petroleum and obtained as a 
mat of interlaced needles, m. p. 92°, and this m. p. was not depressed 
by admixture with 2: 3 : 4-trimethyl ®-methylglucoside which had 
previously been isolated from (a) methylated gentiobiose (Haworth 
and Wylam, J., 1923, 123, 3120), (6) methylated amygdalin 
(Haworth and Leitch, J., 1922, 121, 1921), (c) methylated raffinose 
(Haworth, Hirst, and Ruell, loc. cit.), (d) a specimen obtained from 
6-triphenylmethyl glucose (compare Helferich, Moog, and Jiinger, 
loc. cit.) which had been methylated with methyl iodide and silver 
oxide and hydrolysed to remove the triphenylmethy] residue. 

Hydrolysis of Hendecamethyl Raffinose——A specimen of this 
derivative of raffinose remained over from the previous research 
and it was considered desirable to obtain confirmation of the identity 
of the trimethyl glucose fragment occurring in the mixture of hydro- 
lytic products obtained by digesting hendecamethy] raffinose with 
dilute mineral acid. Accordingly, 3-7 g. were hydrolysed at 85° 
with 150 c.c. of 5% hydrochloric acid. The subsequent treatment 
of the products followed the usual procedure, but instead of separating 
the mixture of partly methylated hexoses by distillation, the 
neutralised aqueous solution of these was extracted several times 
with chloroform. This treatment completely removed the fructose 
and galactose fragments, and the aqueous solution was now 
evaporated under diminished pressure, giving rise to the trimethyl 
hexose, which appeared as a syrup. Digestion of this syrup with 
methyl-alcoholic hydrogen chloride (containing 0-53% HCl) during 
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10 hours at 110° gave, on neutralisation followed by evaporation of 
the solvent, a glucoside which distilled completely, and the distillate 
afterwards crystallised, giving long, colourless needles, m. p. 92°5°. 
This was identified as 2:3:4-trimethyl @-methylglucoside by 
admixture with the authentic specimens previously referred to 
(Found : C, 50:7; H, 8-5. Calc.: C, 50-8; H, 8-5%). 

Isolation of Heptamethyl Methylmelibioside from the Products of the 
Methylation of Raffinose [with D. A. Ruxztx].—On fractional dis- 
tillation of crude hendecamethyl raffinose prepared by repeated 
methylation of raffinose (Haworth, Hirst, and Ruell, J., 1923, 123, 
3125), a syrupy product (b. p. 185—190°/0-03 mm.,; mp 1-4660) 
was obtained. This solidified after some days and purification by 
means of light petroleum yielded crystals, m. p. 78°, which after 
further recrystallisation melted at 101—103° and had [«]p + 113-8° 
in water (c = 1-22). Analytical data indicated that this crystalline 
substance was a completely methylated disaccharide (Found : 
C,53-3; H, 8-4; OMe, 51-8. Calc. : C, 52:9; H, 8-4; OMe, 546%). 
On admixture of this compound with an authentic specimen of 
heptamethyl methylmelibioside, m. p. 101°, the melting point showed 
no depression. 

Hydrolysis and Identification of Cleavage Products—Heptamethyl 
methylmelibioside was hydrolysed under conditions identical with 
those applied in the case of methylated raffinose (Haworth, Hirst, 
and Ruell, loc. cit.) and the process was complete after 24 hours : 


6 13 18 24 30 
93-9° 88-3° 82-3° 73°6° 74-0° 


A syrupy, amber-coloured product was obtained which was soluble 
in dry ether. The syrup was digested in ethyl-alcoholic solution 
with excess of aniline for 3 hours, and on removal of the solvent and 
of free aniline, a semi-solid mass remained. Drainage on porous 
tile gave crystals which, purified by means of ethy] alcohol, appeared 
as silky needles, m. p. 192—193°, identical in all respects with a 
specimen of tetramethyl galactose anilide previously prepared from 
methylated raffinose or lactose, in admixture with which the m. p. 
was not depressed. 

The syrup separating after removal of the crystals of tetramethyl 
galactose anilide was dissolved in alcohol, and the solution clarified 
with charcoal; on concentration a further small quantity of crystals 
separated, which were identical with the anilide mentioned above. 
Complete evaporation of the solution gave a viscid syrup, which was 
dissolved in a little aqueous alcohol and rendered faintly acid to 
Congo-paper with hydrochloric acid. The solution was steam- 
distilled in order to remove traces of aniline, and the aqueous residue 
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was again clarified and evaporated to dryness in a vacuum. The 
product obtained from this treatment was dissolved in methyl 
alcohol containing 0-5°% of hydrogen chloride, and heated in sealed 
tubes at 110° for 10 hours. Thereafter the solution was neutralised 
with silver carbonate, and the filtrate evaporated. Extraction of this 
residue with dry ether yielded a viscid liquid, which distilled at 
0-01 mm. from an oil-bath heated at about 140°. The distillate was 
a colourless liquid which partly crystallised on nucleation with 
2:3:4-trimethyl 8-methylglucoside. The crystals were collected 
and washed in light petroleum; they then melted at 90—91°. 
Recrystallisation from light petroleum gave m. p. 93—94°. On 
admixture with a specimen of 2 : 3 : 4-trimethyl 8-methylglucoside 
obtained from a previous research on the constitution of gentiobiose, 
no depression of melting point was observed. 
ARMSTRONG COLLEGE, UNIVERSITY OF BIRMINGHAM, 
NEWCASTLE-ON-TYNE. EDGBASTON. 
[Received, May 5th, 1927.] 


CCIII.—The Chemistry of the Three-carbon System. 
Part XII. The Effect of Positive Substituents in 


the a-Position on the Tautomerism. 


By GroRGE ARMAND RoBERT Kon and BINDIGAWAVALE 
TIRUMALACHAR NARAYANAN. 


In studying the influence of substituents on three-carbon tautomer- 
ism, we examined first the effect produced by a group in the «-posi- 
tion, that is, attached to the carbon atom bearing the negative 
activating group. The effect of introducing a negative or activating 
group in this position has been discussed (Kon and Speight, J., 1926, 
2727); the effect of a positive group on the mobility and point of 
equilibrium of three-carbon systems is described below. 
Theoretically, the effect of a positive substituent in the «-position 
should be a general diminution of the mobility of the system—a 
phenomenon frequently observed in keto-enol systems, glutaconic 
esters, etc. The effect on the position of equilibrium is less easy to 
forecast, because it is probably made up of more than one factor, 
both polar and steric in nature. It must be assumed that the polar 
effect diminishes that due to the activating group; and as this 
favours the «$-phase, it is to be expected that the ®y-phase will be 
favoured by the presence of an «-alkyl group. A phenyl group 
should behave in the same way from the electronic point of view, 
but the strong tendency to conjugation exhibited by this group 
(Linstead and Williams, J., 1926, 2735; Johnson and Kon, ibid., 
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p. 2748) would probably neutralise this tendency, and it would be 
expected that the «8-phase in «-phenylated systems would possess 
considerable stability. We were not able to study this case owing 
to difficulty in preparing suitable material for investigation; we 
have, however, examined a number of systems bearing an ethyl 
group on the «-carbon atom and belonging to several representative 
types, namely, acids, ketones, and nitriles of the general types 
(I), (II), and (III). . 


Mey coccEt CH,CH, Et aq, -CH,CH, Et 
Et” Cy CH,-CH, mae: C<y a 2S GR. ‘CH, mae: Cy 
(I.) {II.) (III.) 


X = CO,H, COMe, or CN. 


The properties of the first two groups of compounds are in full 
agreement with theoretical considerations. The mobility of the 
systems appears to be less than that of the parent substances ; 
indeed, Birch, Kon, and Norris (J., 1923, 1423, 1361) had failed to 
condense «-ethyl-A!-cyclohexenylacetone with ethyl sodiomalonate 
and concluded that this ketone did not react in the «$-phase. That 
statement requires revision, for the condensation does proceed, 
although it requires a considerable time for completion. The 
mobility of the system in ketones of this series is, however, still 
considerable, because only one substance, having in every case the 
8y-structure, is obtained under the conditions of the Blaise—-Maire 
synthesis from either the «$- or the By-acid; the conversion of 
a8-acids into their Sy-isomerides on treatment with alkali is actually 
unexpectedly rapid. These facts indicate that the Sy-forms of the 
compounds in question are even more favoured than those of the 
parent (unsubstituted) compounds and that the mobility of the 
system is not very greatly affected. 

It is, therefore, all the more surprising to find that the «-sub- 
stituted nitriles, of which several have been prepared by Birch and 
Kon (J., 1923, 123, 2440), constitute a sharp contrast to the acids 
and ketones just mentioned. They are invariably obtained in the 
#8-form, and no direct evidence had until lately been obtained of 
the existence of a By-phase, although it is abundantly proved that 
unsubstituted nitriles, such as cyclohexenylacetonitrile, exist in the 
$y-form, but can also react in the «$-form (compare Birch and Kon, 
loc. cit.). Whilst this difference appears at first to be in con- 
tradiction with theoretical considerations, it is capable of a ready 
explanation. The reaction by which «-substituted nitriles are 
produced involves the elimination of ethyl carbonate from the 
corresponding cyano-esters under the influence of alcoholic sodium 


ethoxide and it has been shown by Ingold and Thorpe (J., 1919, 
3F2 
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115, 143) to proceed in many cases in the presence of very small 
amounts of the reagent. The cyano-esters from which they are 
produced have necessarily a By-unsaturated structure (IV) and it 
has been assumed hitherto that the ®By-form (V) of the nitrile would 
be produced at first : 

—C CN —CH 

oe .- a pon 
—CH: CO,Et —cHF 
(IV.) te 4 

This view of the mechanism is, however, incorrect; the only way 
in which the system can reacquire its mobile hydrogen atom, and 
one which at the same time explains the ready occurrence of such 
reactions, consists in the addition of the elements of alcohol to the 
double bond, the hydrogen becoming attached to the y-carbon atom ; 
the system then loses ethyl carbonate with the formation of an 
«8-double bond : 


ON 
avi > “wt CR Ne x 
CO,Et ee 
he 


ce + CO(OEt), 


This possibility was overlooked in the original paper (Birch and 
Kon, loc. cit.), but it would appear that the scheme now suggested 
is of general application and that «®-unsaturated compounds are 
always produced by the elimination of ethyl carbonate from fully 
substituted but potentially tautomeric systems (compare Thole and 
Thorpe, J., 1911, 99, 2191; Thorpe, J., 1912, 101, 871; Feist, 
Annalen, 1922, 428, 25). 

The «§8-compounds so produced can, of course, pass into the 
By-forms if they are sufficiently mobile under the conditions of the 
experiment ; this is, apparently, not the case for the nitriles under 
discussion. The probable reason for this lack of mobility was 
suggested by Prof. R. Robinson (private communication), who 
pointed out that the retarding effect of the «-alkyl group on the 
mobility of the system was likely to be greater the weaker the 
activating group on which mobility ultimately depends; it would 
be greatest in a system activated by a weak group such as CN 
(compare Bradley and Robinson, J., 1926, 2356). For this reason, 
a-substituted nitriles are probably static or nearly so and are there- 
fore isolated in the «$-form, although this may not be the most 
stable. Experiments have been undertaken to confirm this view: 
the By-isomeride of cyclohexylidenebutyronitrile has already been 
prepared and found to differ from the «8-compound ; its properties 
are now under investigation. 


THE CHEMISTRY OF THE THREE-CARBON SYSTEM. PART XII. 1539 


The «-substituted nitriles can be hydrolysed by means of alcoholic 
sulphuric acid to the corresponding «$-unsaturated esters (or ester 
containing a high proportion of the «8-compound), but these cannot 
be further hydrolysed to the acids without undergoing conversion 
into the By-form. 

Some experiments were carried out. to ascertain the positions of 
equilibrium between the «8- and #y-acids in the presence of alkali 
of various concentrations, but an exact estimate was impossible 
owing to the insufficient analytical methods available at the time. 
Conversion of the acids into their amides shows, however, that the 
equilibrium is so much on the side of the Sy-compound that the 
presence of the «f-isomeride cannot be recognised with certainty. 
The acids are mostly liquids and extremely difficult to purify, and 
therefore do not lend themselves well to investigation by the 
analytical methods recently developed by Linstead (this vol., p. 
355). 

The semicarbazones of the «-substituted ketones are isolated in 
only one form in the ordinary way; a small amount of a second 
form can, however, be obtained in all cases by previously treating 
the ketone with cold sodium ethoxide for 40 hours. 

The oxidation of ketones of this group is always difficult. Ozon- 
isation, however, gives definite evidence of the ®y-form of these 
substances; in every case an oil, giving a deep colour with ferric 
chloride, is formed, evidently ia to the scheme 


CH,-CH H,-CH,\ 
CH, * \C-CHEt COMe CI CH, ° ‘CO-CHEt-COMe 


CH, —cH~ CH,*CHO 


We have, moreover, succeeded in wei, one of the ketones to 
the corresponding acid by means of hypobromite, the By-acid being 
the sole product obtained. 


ExPERIMENTAL. 


1-Hydroxy-«-ethyleyclohexaneacetic Acid.—The ester was obtained 
by the Reformatski reaction as described by Wallach (Annalen, 
1908, 360, 44); the yield (55%) was slightly improved by adding 
the magnesium in several portions. The hydrolysis of the ester was 
difficult and considerable fission into ketone and butyric acid always 
occurred. The best method was as follows: 100 G. of the ester were 
added to a hot solution of 100 g. of potassium hydroxide in 100 c.c. 
of water; 100 c.c. of methyl alcohol were then added gradually and 
the mixture was refluxed for 2—3 hours. The solution was freed 
from alcohol under reduced pressure, diluted, extracted with ether, 
and acidified with ice-cold 30° sulphuric acid. The acid thus 
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liberated was extracted with ether, dried, and distilled under reduced 
pressure, some 24 g. boiling at 167—170°/16 mm. This fraction 
was a viscous oil with a strong odour of butyric acid; dj** 1-0010, 
ny* 1-46798 (Found: C, 64-7; H, 10-05. C,)H,,0, requires 
C, 64:5; H,9-7%. Found for the silver salt: Ag, 36-9. C,)H,,0,Ag 
requires Ag, 36-9%). 

a-Hthyl-A!-cyclohexenylacetic Acid.—The hydroxy-ester on 
dehydration with phosphorus oxychloride or potassium hydrogen 
sulphate yielded ethyl «-ethyleyclohexenylacetate (Wallach, loc. 
cit.), b. p. 112—116°/15—18 mm., di?* 0-862624, np 1-45593; 
[Rz]p 57-09 (Calc., 56-72) (Found: C, 63-8; H, 9-9. Calc. : C, 63-5; 
H, 10-2%). The acid obtained from it on alkaline hydrolysis had 
b. p. 154—156°/20 mm., d?* 1-01528, n®* 1-47014 (Found: Ag in 
silver salt, 39-2. Cale.: Ag, 39:3%). Wallach’s hydrobromide, 
m. p. 106—107°, was readily obtained. The amide, prepared by 
leading dry ammonia into a benzene solution of the acid chloride, 
was recrystallised from dilute methyl alcohol and had m. p. 115— 
116° (Found: C, 71:3; H, 10-4. C,)H,,ON requires C, 71:8; 
H, 10-2%). The p-toluidide was similarly obtained and had m. p. 
115° after crystallisation from alcohol (Found: N, 5-6. C,,H,,0N 
requires N, 5-4%). 

A small quantity of the acid was ozonised in dry chloroform 
solution, and the ozonide shaken with cold water for 20 minutes. 
The aqueous solution gave a deep violet colour with ferric chloride; 
20°, sulphuric acid was then added and the product steam-distilled. 
Adipic acid was identified in the residue in the flask. 

a-Ethylcyclohexylideneacetic Acid.—This acid was prepared by 
treating the hydroxy-acid with acetic anhydride in the usual 
manner and isolated from the steam distillate by means of ether. 
On distillation, some hydrocarbon, a fraction, b. p. up to 160°/20 mm., 
and one, b. p. 164—166°/20 mm., were obtained, the last being the 
almost pure «$-acid. This had d}?” 1-01831 and np 1-47977 (Found 
in the silver salt: Ag, 39-3. Cale.: Ag, 39-39%). The yield was 
poor (20%). 

An attempt was also made to prepare the acid from the ester 
obtained by hydrolysis of «-cyclohexylidenebutyronitrile, b. p. 
129°/20 mm.* (Farrow and Kon, J., 1926, 2128), as described by 
Harding, Haworth, and Perkin (J., 1908, 93, 1949); the crude ester 
had b. p. 120—124°/20—23 mm., dif* 0-936298, nif* 1-46827, 
[Rz]p 58-22 (Calc., 56-72). The ester on careful alkaline hydrolysis 
gave a mixture of acids in which the By-acid predominated. 

The chloride, prepared by the action of thionyl chloride, boiled 


* The b. p. of this substance was omitted in the original description (Joc. 
cit.). 
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at 110-—-112°/20 mm. and gave an amide, m. p. 104—105° after 
crystallisation from dilute alcohol, in which it is more soluble than 
the By-amide; a mixture of the two amides melted at 94—98° 
(Found: C, 71:3; H, 10-6%). The p-tolwidide melted at 104°. 

The acid did not give well-defined oxidation products with 
permanganate; on treatment with ozone in chloroform solution, 
traces of cyclohexanone and some adipic acid were obtained. The 
product obtained by treating the ozonide with cold water did not 
give a colour with ferric chloride. 

Equilibration Experiments.—3-36 G. of «-ethylcyclohexylidene- 
acetic acid (the «$-acid) were boiled with a large excess of 20% 
sodium hydroxide solution for } hour. The product was isolated 
in the usual way and separated into a neutral and an acid portion 
by means of sodium hydrogen carbonate. The neutral compound 
(0-5—0-7 g.) was evidently a lactone; it was converted into the 
silver salt of the corresponding hydroxy-acid (Found: Ag, 37-0. 
Cale. for C,)H,,0, Ag: Ag, 369%). The acid recovered from the 
bicarbonate solution was converted into the amide, which melted 
at 106—108° (mixed m. p. with the By-amide, 106—110°) in the crude 
state and at 114° after two crystallisations. 

The experiment was repeated with 50% alkali. A larger quantity 
(1—1-2 g.) of the lactone was obtained, the amide of the acid melted 
at a lower temperature, and by repeated crystallisation some 10% 
of the «f-amide could be isolated from it, in addition to the By-amide, 
m. p. 114°. 

«-Ethyl-Al-cyclohexenylacetic acid (the By-acid) also was treated 
with 20% potassium hydroxide solution. About 0-5 g. of the 
lactone was isolated; the amide obtained melted at 113—114° 
after two crystallisations; the «8-amide was present only in traces. 

a-Ethyleyclohexenylacetone.—This ketone was obtained in 50—55% 
yield by the action of zinc methyl iodide on the chloride of either 
the «8- or the By-acid; the latter reaction has already been carried 
out by Birch, Kon, and Norris (loc. cit.). It is most conveniently 
prepared by the ethylation of cyclohexenylacetone in the presence 
of sodium (Kon, J., 1926, 1792) or sodium ethoxide. The semi- 
carbazone has m. p. 177—182° (crude) and 185° after crystallisation 
(Found: C, 64:1; H, 9:3; N, 19-0. Cale.: C, 646; H, 94; 
N, 188%). The ketone regenerated from it had d!?* 0-92011 and 
N 1-46798 and gave the same semicarbazone on treatment with 
semicarbazide. 

The ketone (3-32 g.) was kept for 40 hours in a solution of 0-46 g. 
of sodium in 10 c.c. of alcohol. The ketone was recovered (2-6 g.) 
and converted into the semicarbazone (1-2 g.), which melted at 
167—180°. On recrystallisation from alcohol, this gave 0-9 g., 
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m. p. 185°; the mother-liquor on dilution gave a crop, m. p. 172— 
176°. After two more crystallisations, 0-1 g. was obtained, m. p. 
175—176° (mixed m. p. with compound of m. p. 185°, 167—172°). 

A solution of the ketone (2-24¢.) in acetic acid at — 4° was saturated 
with hydrogen bromide and poured into water after 15 minutes. 
The brown oil obtained was isolated by means of ether, the ether 
removed, and the bromo-ketone warmed on the steam-bath with 
aqueous sodium carbonate for 15 minutes. The regenerated ketone 
was converted into the semicarbazone, which melted at 185° after 
one crystallisation ; no other semicarbazone appeared to be formed. 

Attempts were made to alkylate the ketone in the presence of 
“‘ molecular ”’ sodium or sodium ethoxide, but no trace of alkylation 
product was obtained. 

The ketone (5-4 g.) was heated over-night with ethyl malonate 
(5-2 g.) and sodium (0-82 g.) in 20 c.c. of alcohol. The product was 
cooled and poured into water, neutral impurities were: removed 
with ether, and the aqueous layer was strongly acidified and again 
thoroughly extracted with ether. On removing the ether, a solid 
(6-5 g.) was obtained which gave a blood-red colour with ferric 
chloride, and melted at 76—77° after crystallisation from benzene 
and petroleum; it was hydrolysed by boiling it for 3 hours with 
20% potassium hydroxide solution. The product was acidified, 
warmed for another hour, and shaken with ether. The dried extract 
gave on evaporation a solid, which was recrystallised from acidified 
water and again from dilute alcohol; lustrous needles, m. p. 159— 
160°, of cyclohexanespiro-2-ethylcyclohexane-3 : 5-dione were thus 
obtained (Found: C, 74:8; H, 9-9. Cy 3H,,0, requires C, 75:0; 
H, 96%). 

Oxidation of «-Ethylcyclohexenylacetone.—The ketone (2-5 g.) was 
suspended in a solution of 1-2 g. of potassium hydroxide in 10 c.c. 
of water and kept at 0° while 0:8 c.c. of bromine was gradually added 
with shaking; the mixture was kept at 0° over-night. A part 
of the ketone remained unchanged; from the alkaline liquid an acid 
was obtained (1 g.) which was converted into the amide (m. p. 
108—112° ; 113—114° after crystallisation) ; this was identified as the 
By-amide («-ethyl-A1-cyclohexenylacetamide) by direct comparison. 

No definite products were obtained on oxidation of the ketone 
with potassium permanganate; with ozone, an ozonide was formed 
which decomposed when shaken with cold water. The product, 
which gave a deep violet colour with ferric chloride, was mixed 
with 20% sulphuric acid and distilled in steam, but no definite 
products except adipic acid could be identified. 

Ethyl 1-Hydroxy-«-ethyleyclopentaneacetate.—This ester was pre- 
pared from cyclopentanone as was its higher homologue from cyclo- 
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hexanone, some 40 g., b. p. 127—137°/20—25 mm., being obtained 
from 1 g.-mol., in addition to 20 g. each of high and low fractions 
(Found: C, 66-5; H, 9-8. C,,H,,0, requires C, 66-0; H, 10-0%). 
The acid was obtained in 42% yield, b. p. 157—160°/23 mm., d?* 
1-01232, n®* 1-43869, [Rz]p 44:55 (Calc., 44-65) (Found: C, 62-6; 
H, 9-5. C,H,,0, requires C, 62-8; H, 9-3%. Found in silver salt: 
Ag, 38-8. C,H,,O,Ag requires Ag, 38-7%) . 

«-Hthyl-A1-cyclopentenylacetic Acid.—This fy-acid could not be 
prepared by the usual method involving the dehydration of ethyl 
1-hydroxy-«-ethylcyclopentaneacetate and hydrolysis, because the 
hydroxy-ester remained practically unchanged after treatment with 
potassium hydrogen sulphate and with anhydrous oxalic acid, whilst 
phosphorus oxychloride gave a very small yield of an impure ester 
accompanied by tarry by-products. Thionyl chloride also was 
unsatisfactory. The hydroxy-acid (44 g.) was boiled with 250 c.c. 
of 20° sulphuric acid for 2 hours, the product distilled in steam, 
and the distillate extracted with ether and divided into neutral 
(8 g.) and acid (15 g.) constituents. The latter consisted of an oil, 
b. p. 188—142°/15 mm., in addition to about 1 g. of a solid acid, 
m. p. 80—81° (the «8-acid). The oily ®y-acid has a strong odour of 
butyric acid, d}!* 1-01909, nif 1-47525, [Rz]Jp 42-65 (Calc., 42-75) 
(Found: C, 70-5; H, 8-7. C,H,,0, requires C, 70-1; H, 9-1%. 
Found in the silver salt : Ag, 41-4. C,H,,0,Ag requires Ag, 41-:3%). 
The chloride, prepared by means of thionyl chloride, has b. p. 96— 
98°/20 mm.; the amide obtained from it was appreciably soluble in 
water and formed lustrous needles, m. p. 102—103°, from dilute 
alcohol (Found: C, 70-2; H, 10-1. C,H,,ON requires C, 70-6; 
H, 9°8%). 

The acid readily adds on bromine in ether or acetic acid, but 
the bromide is unstable; the hydrobromide also was prepared in 
acetic acid solution, but could not be obtained solid. 

a-Hthyleyclopentylideneacetic Acid.—This «8-acid was  pre- 
pared from the hydroxy-acid (70 g.) by the method described on 
p. 1540. The first runnings were liquid; thereafter 14 g. of a solid, 
m. p. 80—81° after crystallisation from ether—petroleum, were 
obtained (Found: C, 70-4; H, 9-2. C,H,,0, requires C, 70-1; 
H, 9:1%). The liquid by-product gave three fractions on distill- 
ation; 4 g. boiled below 100°/16 mm., 6 g. up to 158°, and 8 g. at 
158—162°. The chloride had b. p. 102—106°/16—18 mm.; the 
amide formed pearly plates, m. p. 97° (mixed m. p. with the By-amide, 
78—82°), from aqueous alcohol, and was less soluble than the 
By-isomeride (Found: C, 70:7; H, 10-1. C,H,,ON requires 
C, 70-6; H, 9-8%). The bromide was unstable; the hydrobromide 
could not be obtained solid. 
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The nitrile was obtained in the same way as the higher homologue 
(Farrow and Kon, loc. cit.), the yield being 65%. It had b. p. 
116—118°/20 mm., d?” 0-923586, n}” 1-47555, [Rz]p 41-22 (Calc., 
40-90). The nitrile was hydrolysed to the ethyl ester, which had b. p. 
116—118°/25 mm., di?* 0-936298, n$* 1-47417, [Ri]p 54-65 (Calc., 
52-10). Both ester and nitrile gave cyclopentanone on oxidation 
with ozone. Hydrolysis of the ester led to a mixture of acids in 
which the By-acid predominated. 

a-Hthyl-A-cyclopentenylacetone.—This By-ketone was obtained 
in about 60% yield by the action of zinc methyl iodide on «-ethyl- 
cyclopentenylacetyl chloride; the yield from the «$-chloride was 
much lower (40%). The semicarbazone formed plates, m. p. 166— 
167°, from dilute alcohol, and was identical with that prepared 
from the ethylated parent ketone (Kon and Linstead, J., 1925, 127, 
821). The ketone regenerated from it had b. p. 94°/15 mm., di?” 
0-917685, ni}* 1-45942, [Rz|p 45-32 (Cale., 45-72). 

The ketone was treated with sodium ethoxide exactly as described 
on p. 1541; the semicarbazone obtained from the product contained 
about 10% of a more soluble form, m. p. 143—145°. 

Addition and removal of hydrogen bromide produced no change, 
and attempts to introduce another alkyl group failed. 

The ketone condensed readily with ethyl sodiomalonate, the 
reaction being complete in 3 hours, but neither the dihydroresorcinol 
ester nor its hydrolysis product could be obtained solid; the liquid 
products showed the usual reactions of their class with ferric chloride, 
etc. Asmall amount of the diketone was oxidised with hypobromite 
and the resulting dibasic acid («-ethyleyclopentane-1 : 1-diacetic acid) 
was analysed in the form of its silver salt (Found: Ag, 50:8. 
C,,H,,0,Ag, requires Ag, 50-5%). 

The ketone formed an ozonide, which was decomposed by cold 
water to an oil giving an intense colour with ferric chloride but 
from which no definite compounds could be obtained on hydrolysis. 
Oxidation with permanganate also was inconclusive. 

8-Hydroxy-B-methyl-«-ethylpentanoic Acid.—The ester was pre- 
pared from methyl ethyl ketone as before; the reaction started very 
slowly, but the yield was good, being 127 g., b. p. 106—108°/18 mm., 
together with 20 g. of a lower fraction which can be used for prepar- 
ing the By-ester (Found: C, 63:4; H, 10-9. C,9H.90, requires 
C, 63-8; H, 10-8%). On hydrolysis, a 50% yield of the acid was 
obtained as an oil, b. p. 132—136°/20 mm. (Found for the silver 
salt: Ag, 40-6. C,H,,0,Ag requires Ag, 40:5%). 

8-Methyl-x-ethyl-A®-pentenoic Acid.—The preceding hydroxy- 
ester gave a 70°, yield of ethyl @-methyl-«-ethyl-A*’-pentenoate, 
b. p. 84-88°/20 mm., di?” 0-93160, ni? 1-43618, [Rz]p 48-67 (Calc., 
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49-34) on dehydration with phosphorus oxychloride, and about a 
50% yield with potassium hydrogen sulphate. The acid, obtained 
on hydrolysis in 66°, yield, was a liquid with a penetrating smell, 
b. p. 122—126°/20 mm., d?* 0-95884, n3Z* 1-45113, [Rz]p 39-90 
(Calc., 40-23) (Found for the silver salt: Ag, 43-3. C,H,,0,Ag 
requires Ag, 43-4°%). The chloride had b. p. 76—78°/18—20 mm. ; 
the p-toluidide formed needles, m. p. 102—104°, from methyl 
alcohol. 

The acid in dry chloroform was treated with ozone, and the 
ozonide decomposed with water; acetaldehyde was formed in 
quantity and was identified by means of {$-naphthol as usual 
(compare Kon and Linstead, J., 1925, 127, 616). 

8-Methyl-«8-diethyl-A*-pentenoic Acid.—This acid, prepared in 
poor yield from $-hydroxy-$-methyl-«$-diethylpentanoic acid by 
means of acetic anhydride, had b. p. 126—130°/15—18 mm., d?* 
0-95930, nf 1-45193, [Rz]p 39-94, and was probably still contamin- 
ated with some of the hydroxy-acid, although the silver salt gave 
correct figures on analysis (Found: Ag, 43-3. Cale.: Ag, 43-4%). 
The chloride had b. p. 86—90°/20 mm.; a small lower fraction 
(b. p. 72—76°) also was obtained. The p-tolwidide crystallised from 
methyl alcohol, in which it is more soluble than the ®y-toluidide, in 
plates, m. p. 112—113° (mixed m. p. 87—89°). The hydrobromide 
was unstable. 

8-Methyl-y-ethyl-A®-hexen-8-one.—This ketone was obtained in 
good yield from £-methyl-«-ethyl-A*’-pentenoyl chloride. The 
semicarbazone formed lustrous needles or plates, m. p. 163—164°, 
from methyl or ethyl alcohol (Found : C, 61:3; H, 9-3. Cj 9H,,ON, 
requires C, 60-9; H, 96%). The ketone regenerated from it had 
b. p. 72—74°/16 mm., di?” 0-85068, nj?” 1-43908, [Rz]p 43-30 
(Cale., 43-38). The same ketone was also obtained, although in 
poorer yield, from the «8-chloride. The ketone was oxidised in dry 
chloroform solution with ozone; the ozonide on decomposition gave 
acetaldehyde, which was identified as before. 

The ketone was treated with cold sodium ethoxide for 48 hours 
(p. 1541). The semicarbazones prepared from the product consisted 
for the most part of 5-methyl-y-ethyl-A®-hexen-f-one semicarbazone, 
m. p. 163—164°, but contained also about 7°% of a semicarbazone 
which melted, after repeated crystallisation, at 151—152°. A 
mixture of the two semicarbazones melted at 138—149°. After 
treatment with hydrogen bromide, the original ketone also gave a 
very smali amount of a semicarbazone, m. p. 148—149°. 

Attempts to alkylate the ketone were unsuccessful. The ketone 
condensed readily with ethyl sodiomalonate to a liquid ester which 
gave an intense colour with ferric chloride; the dihydroresorcinol 
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obtained on hydrolysis of the ester did not solidify and was not 
further examined. 


The authors’ thanks are due to the Chemical Society for a grant 
which has partly defrayed the cost of the investigation. 
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CCIV.—The Preparation of Unsaturated Ketones from 
the Chlorides of Hydroxy-acids. 


By Grorce ARMAND Rosert Kon and BINDIGAWAVALE 
TIRUMALACHAR NARAYANAN. 


In seeking to extend the methods by which ketones of the type of 
cyclohexenylacetone are obtained, we were led to examine the action 
of zinc methyl iodide and of zinc ethyl iodide on the chlorides 
produced directly from hydroxy-acids, without previously convert- 
ing these into unsaturated acids. This object had already been 
partly achieved by Blaise and Maire (Ann. Chim. Phys., 1908, 15, 
556), who acetylated the hydroxy-acids before converting them 
into their chlorides; they found, however, that this method failed 
when applied to §-disubstituted acids, as these, instead of being 
acetylated, were dehydrated to a mixture of unsaturated acids. The 
work of Darzens (Compt. rend., 1911, 152, 1314, 1601) also made 
it appear probable that the action of thionyl chloride or phosphorus 
pentachloride on hydroxy-acids would lead to dehydration. 
Actually, it was found that cyclic $-hydroxy-acids gave each a 
mixture containing, in addition to varying quantities of the chlorides 
of the two possible unsaturated acids, a considerable proportion of 
its own chloride, from which it could be regenerated. These 
chlorides, on treatment with zinc methyl iodide, gave ketones 
identical with those obtainable from the chlorides of the unsaturated 
acids. ‘Thus, cyclopentanolacetic acid (I) gave a chloride (II) from 
which, on treatment with zinc methyl iodide, a fair yield of cyclo- 
pentenylacetone (III) was obtained. This ketone is probably best 


CH,CH,., ,-OH —CH,, 0H 
‘HCH SCH, -CO,H cH. CS cH, coc! 
(I.) (II.) 


—CH> C-CHyCOMe (III.) 


prepared by the process now described. The corresponding ethy! 
ketones were obtained only in very poor yield, owing to the simul- 
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taneous formation of the ethyl ester of the #y-unsaturated acid. 
The production of this ester is at present unexplained. Experiments 
carried out with a few «-hydroxy-acids sufficed to show that the 
chlorides were highly unstable and had no practical value for the 
synthesis of ketones; a small quantity of tetrahydroacetophenone 
was, however, prepared from cyclohexanolcarboxylic acid. 


EXPERIMENTAL. 
1-Hydroxycyclopentane-1-carboxylic acid (43 g.) was treated with 
excess of thionyl chloride in the cold. When the frothing had sub- 
sided, the mixture was warmed for 20 minutes, and the excess of 
reagent removed in a vacuum. The chloride decomposed during 
distillation even under 3-5 mm. 

In another experiment the acid (43 g.) was gradually added to 
69 g. of phosphorus pentachloride and the mixture was warmed 
for 30 minutes, but no attempt was made to purify the chloride. A 
portion of it gave, on treatment with formic acid, the original acid, 
m. p. 103°. The crude chloride was then treated with zinc methyl 
iodide, but only a very small amount of a disagreeable-smelling, 
non-ketonic liquid was obtained. 

1-Hydroxycyclohexane-l-carboxylic acid behaved exactly like 
the lower homologue both with phosphorus pentachloride and with 
thionyl chloride. The action of zinc methyl iodide on the crude 
chloride gave a very poor yield of a substance which combined with 
semicarbazide, giving tetrahydroacetophenone semicarbazone (m. p. 
and mixed m. p. 216—217°). The action of zinc ethyl iodide gave 
no ketonic product, but a small amount of an oil, b. p. 110—114°/ 
20 mm., which appeared to be ethyl tetrahydrobenzoate. 

A chloride could not be obtained from hexahydromandelic acid. 

1-Hydroxycyclopentane-1-acetic acid (48 g.), after treatment with 
excess of thionyl chloride, gave on distillation 5 g. of a chloride, 
b. p. 85—87°/17 mm., and 16 g. (30%) of another chloride, b. p. 
98—110°/17 mm. The former gave, when poured into formic 
acid, cyclopentenylacetic acid, m. p. 51—52°, and when treated with 
aniline, cyclopentenylacetanilide, which crystallised from methyl 
alcohol in silky needles, m. p. 98° (Found: C, 77:3; H, 7:9. 
C,3H,,ON requires C, 77-6; H, 7-5). The higher-boiling chloride 
gave a mixture of anilides from which cyclopentylideneacetanilide 
could be isolated in nodules, m. p. 152—153°, after several crystall- 
lsations (Found: C, 77:2; H, 7:6. C,3;H,,ON requires C, 77-6; 
H, 7:5%). On pouring the chloride into formic acid, a gummy acid 
was obtained from which the original acid, m. p. 77°, was isolated 
after repeated treatment with benzene—petroleum. 
¥ The action of zinc methyl iodide (1/3 mol.) on the higher-boiling 
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chloride prepared from 48 g. of the hydroxy-acid gave 8 g. of a ketone. 
The semicarbazone prepared from this was separated by crystall- 
isation into three forms, m. p. 138°, 189°, and 121—122°, respect- 
ively, the last being apparently a constant-melting mixture of the 
other two. These were the two semicarbazones of cyclopentenyl- 
acetone (Kon, J., 1921, 119, 823); the one of m. p. 138° was formed 
in greater quantity. 

The action of zinc ethyl iodide on the same chloride gave an ester, 
probably ethyl cyclopentenylacetate; no ketone appeared to be 
formed. 

The action of thionyl chloride on 1-hydroxycyclohexane-1-acetic 
acid (53 g.) gave 35 g. of a product, b. p. 95—98°/15—17 mm., 
consisting mainly of the chloride of the hydroxy-acid, as it gave the 
original acid on being poured into formic acid. The action of aniline 
on it gave a mixture from which the anilides of cyclohexenylacetic 
acid, needles, m. p. 117° (Found: C, 77-9; H, 8:2%) and of cyclo- 
hexylideneacetic acid, m. p. 138—139° (Found: C, 78-4; H, 7:8. 
C,,H,,ON requires C, 78-1; H,7-9%), were obtained. The anilide 
of the hydroxy-acid appears to be indefinite. 

The acid chloride from 53 g. of the acid was treated with zinc 
methyl iodide ; 17 g. of cyclohexenylacetone, b. p. 102—104°/20 mm., 
identified by means of the semicarbazone, were obtained. 

The reaction was repeated with zinc ethyl iodide, but the yield 
of ketone was very much less, partly owing to the formation of ethyl 
cyclohexenylacetate in some quantity. The ketone gave two semi- 
carbazones, m. p. 153° and 184—185° respectively. The former is 
identical with the semicarbazone of A1-cyclohexenylmethyl ethyl! 
ketone (Kon, J., 1926, 1797), whilst the latter is isomeric with it 
and is probably the semicarbazone of the «§-form [Found : (for 
the form of low m. p.) C, 63-2; H, 9-2; (for the form of high m. p.) 
C, 62:9; H, 9-5. C,)H,,ON; requires C, 63-2; H, 9:0%]. 

1-Hydroxy-«-ethylcyclopentane-l-acetic acid (see preceding 
paper) (29 g.) gave 17 g. of a chloride, b. p. 99—102°/25 mm. The 
chloride gave with ammonia a mixture of the «§- and the fy-un- 
saturated amide, in the proportion of 1:2; a third amide, melting 
indefinitely at about 70°, was also obtained but could not be purified. 
The action of zinc methyl iodide (1/6 mol.) on 15 g. of the acid 
chloride gave 8-5 g. of a liquid, b. p. 103—105°/25—27 mm., from 
which the semicarbazone of «-ethyl-A1-cyclopentenylacetone, m. Pp. 
166—167° after crystallisation, was readily obtained. 

1-Hydroxy-«-ethylcyclohexane-1-acetic acid (see preceding paper) 
(30 g.) gave 22 g. of a chloride, b. p. 122—127°/20 mm. This, on 
treatment with ammonia, gave an amide, m. p. 108—110°, which, 
on repeated crystallisation, melted at 1183—114° and proved identical 
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with the ®y-unsaturated amide; a trace of another amide, m. p. 
108—109°, distinct from both the «8- and the By-amide, was also 
obtained. By the action of zinc methy] iodide (1/6 mol.) on the acid 
chloride (20 g.), 9 grams of a liquid, b. p. 122—124°/20 mm., were 
obtained. This contained a considerable amount of unsaturated 
ester in addition to «-ethylcyclohexenylacetone, which was isolated 
in the form of its semicarbazone, m. p. 185°. 

8-Hydroxy-$-methyl-«-ethylpentanoic acid gave a 70% yield of 
chloride, b. p. 75—90°/20—25 mm., on treatment with thionyl 
chloride. It consisted mainly of the chlorides of the two unsaturated 
acids, as evidenced by the p-toluidides obtained from it, but a third, 
indefinite, product was also formed, probably derived from the 
hydroxy-acid. The yield of ketone, b. p. 78—82°/25 mm., from 
the acid chloride was poor; it readily gave the characteristic semi- 
carbazone, m. p. 163—-164°, identical with that previously obtained 
from the unsaturated acids. 


The authors’ thanks are due to the Chemical Society for a grant 
which has defrayed the cost of this investigation. 
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CCV.—The Chemistry of the Three-carbon System. 
Part XIII. The Effect of Bulky Substituents and 
of the cycloHeptane Group on the Tautomerism. 


By GrorcE ARMAND RosBert Kon and Crcirn JoHn May. 


THE effect of a positive substituent in the «-position on the tauto- 
merism of a three-carbon system has been discussed (this vol., 
p. 1536); that of bulky substituents in the §$-position is now 
described. 

To obtain a strictly comparable series it would be necessary to 
work with $-substituted pentenoic acids, because it has already 
been shown that the @y-phase does not become stable until the 
y-carbon atom carries at least a methyl group, as in the acid 
CHMe:CMe:CH,°CO,H (Kon and Linstead, J., 1925, 127, 616). 
The next member of the series is diethylacrylic acid; this and its 
*y-isomeride were studied by Kon and Linstead. Other §-sub- 
stituted pentenoic acids are, however, difficult to prepare owing to 
lack of accessible initial materials, and a further difficulty is that 
there are in every case two possible @y-acids, according as the 
double bond is in the shorter or the longer chain. We have therefore 
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limited the present experiments to two compounds, namely, 
88-dipropyl- and 8-diisobutyl-acrylic acids (I; R = Et and Pri, 
respectively) and their #y-isomerides (II), to which these objections 
do not apply. 
CH,R~ CH,R 

(I.) CH?R>C:CH-CO,H CHRZ C'CH2°CO,H (I) 

The y-substituent in these acids may be expected to have some 
effect on the stabilities of the «8- and By-forms. From consider- 
ations based on the electronic theory (compare Allan, Oxford, 
Robinson, and Smith, J., 1926, 401; Ingold, Shoppee, and Thorpe, 
ibid., p. 1477), it is deduced that the presence of a positive sub- 
stituent in the y-position would favour the By-phase, whilst in the 
8-position this substituent would have little effect. These effects will 
be comparatively insignificant if it is merely a question of substitut- 
ing a larger for a smaller group. Should, however, steric factors 
have any considerable influence on the equilibrium, then it might be 
expected that such a substitution would produce a very definite 
effect; and this will be shown to be the case. The tendency of a 
double bond to migrate from the «f- to the Py-position appears 
to be connected with the alteration of the normal tetrahedral angle 
about the $-carbon atom (J., 1926, 2727); the case may be com- 
pared with the formation of a three-membered ring by ring-chain 
tautomerism (Bains and Thorpe, J., 1923, 123, 1206; Deshapande 
and Thorpe, J., 1922, 121, 1430). 


Ry .-CO-CO,H R gomcn H 
A 2 2 
" RS cH, -0O,H > Rees H-CO,H 


Meroe re .. Bocce 


The formation of an «$-double bond in (B) will be analogous to 
the formation of a three-membered ring from (A), an increase in 
bulk of the groups R and R’ in each case facilitating the formation 
of the “ring” system. In (B) there are three possible positions for 
the double bond ; the four valencies of the central carbon atom must 
be regarded as asymmetrically directed, the angle between any two 
of them being determined by the resultant of two opposing steric 
factors. The double bond should therefore be most readily pro- 
duced in the direction of the smallest group (this does not apply to 
the methyl group owing to the comparative instability of a terminal 
methylene group, unless specially stabilised as in itaconic acid). 
In straight-chain acids where R = H (e.g., the pentenoic acids), 
the steric effect is negligible and the «$-phase is the more stable; 
as the bulk of R increases, the By-form is stabilised. When, how- 
ever, both R and R’ increase to such an extent that the group 
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-CH-CO,H becomes relatively small, the equilibrium again tends 
towards the «8-form. It is doubtless for this reason that Johnson 
and Kon (J., 1926, 2748) found the equilibrium in the -ethyl- 
cinnamic acids to be on the side of the By-form (76 : 24), whilst in 
the next higher acids the equilibrium was already of the order 
50:50. Again, in the gem-diethyl series, the equilibrium is strongly 
on the side of the ®y-form (95 : 5, according to Linstead; this vol., 
p. 355). The two pairs of acids now studied fall well into line, for 
the equilibrium in the dipropyl series is 67 : 33 in favour of the 
By-form, whilst in the diisobutyl series it is already 51:49, thus 
illustrating the effect of bulky groups. 

In the behaviour of the cyclic acids, other factors come into play. 
The tendency of a ring to acquire a double bond—which is a measure 
of the stability of the @y-phase—is difficult to correlate with the 
distortion of the normal tetrahedral angle in these rings; e.g., 
the stability of the By-phase increases but slightly from the cyclo- 
pentane (85:15; Linstead, private communication) to the cyclo- 
hexane series (88:12; Linstead, loc. cit.), although the difference 
in the distortion of the normal tetrahedral angle is considerable ; 
it decreases appreciably in the cycloheptane series, the equilibrium 
being about 75 : 25 in favour of the By-phase. In other words, the 
cycloheptane ring shows less tendency to acquire a double bond 
than either of the smaller rings. 

88-Dipropylacrylic acid (I; R= Et) has been described by 
Albitzki (J. pr. Chem., 1884, 30, 209) as a solid, m. p. 80—82°; 
this was analysed only in the form of variously hydrated salts. 
Reformatski (J. Russ. Phys. Chem. Soc., 1890, 22, 44) obtained the 
acid only as a liquid; the dibromide he prepared from it differed 
from Albitzki’s dibromide. We have prepared the acid, which melts 
at 9°, by dehydrating @8-dipropylhydracrylic acid with acetic 
anhydride and have characterised it by the formation of an amide, 
m. p. 72°; its structure was confirmed by oxidation. Albitzki’s 
method of dehydrating the hydroxy-acid could lead only to the 
Sy-acid, and did so in our hands. The #y-acid obtained thus and 
in other ways was always contaminated with «$-acid; all the 
preparations were liquid (all the By-acids studied up to the present 
melt at lower temperatures than the «f-acids; the converse holds 
for the amides), and the acid itself has not yet been obtained pure, 
although a pure ester and an amide (m. p. 120—121°) have been 
prepared. The ditsobutyl compound proved even more discourag- 
ing in this respect, as inseparable mixtures of the two acids were 
obtained by all the available methods. 

cycloHeptylideneacetic acid, on the other hand, was readily 
obtained as a solid, m. p. 54°, giving a dibromide, m. p. 125°. 
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Baker and Ingold isolated a small quantity of a liquid which they 
described as the «$-acid and characterised by the formation of a 
dibromide, m. p. 125°; this must have been the «8-dibromide. This 
is surprising, because, under the experimental conditions used by 
Baker and Ingold, the «8-acid is rapidly isomerised to the extent 
of 75% into the liquid ®y-isomeride, previously described by 
Wallach as the «8-form (Annalen, 1902, 314, 157) and yielding a 
dibromide, m. p. 103—104°. It must be assumed that Baker and 
Ingold’s hydrolysis was carried out so rapidly that complete 
equilibration of the «-acid first produced could not take place and 
the mixture contained enough «§-acid to give its dibromide. 


EXPERIMENTAL. 

88-Dipropylacrylic Acid (I; R = Et).—The reaction between 
dipropyl ketone and ethyl bromoacetate with magnesium pro- 
ceeded well in benzene solution, the yield of ethyl @8-dipropyl- 
hydracrylate, b. p. 139°/15 mm., being 50%. The acid was obtained 
from the ester, on hydrolysis in the usual manner, as a thick oil 
which could not be distilled even at 2 mm. 

On dehydration with acetic anhydride (Wallach, Annalen, 1907, 
353, 288), it yielded 68-dipropylacrylic acid (I), which is a colour- 
less, practically odourless oil, b. p. 144°/17 mm.; this set, on 
freezing, to a mass of crystals which melted at 9°. It had d?” 
0-93624, n= 1-46350, [Rz|p 45-97 (calc. 44-84) (Found: C, 68-9; 
H, 10-4. Cale. for C,H,,0,: C, 69:1; H, 10-3%. Found in the 
silver salt: Ag, 41-1. Cale.: Ag, 41:1%). The chloride had 
b. p. 128°/25 mm. and gave with ammonia in ethereal solution 
the amide, which separated from light petroleum in long, flattened 
needles, m. p. 72°. The p-tolwidide crystallised from dilute methyl 
alcohol in needles, m. p. 82°5°. The ethyl ester, prepared through 
the acid chloride, had b. p. 108—109°/14 mm., di” 0-89284, 
ni* 1-44923, [Rz]p 55°35 (calc., 54:19). Both the ester on treat- 
ment with ozone and the acid on oxidation with permanganate gave 
good yields of dipropyl ketone, which was identified by means of 
its semicarbazone, m. p. 133°. 

8-Propyl-A®-hexenoic Acid (Il; R = Et).—The ethyl ester was 
readily obtained pure by heating ethyl 86-dipropylhydracrylate with 
a 20° excess of phosphorus pentoxide under reduced pressure; 
it gradually distilled and was purified by redistillation (yield 75%) ; 
b. p. 116—118°/25 mm., d2” 0-89264, n#” 1-43778, [Rz}p 54-13. 
It gave no trace of dipropyl ketone on oxidation. The acid was 
prepared by the hydrolysis of this ester, also by dehydrating the 
hydroxy-acid by means of 20° sulphuric acid (compare Farrow and 
Kon, J., 1926, 2138; Albitzki, loc. cit.; Reformatski, loc. cit.), 
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50% sulphuric acid, or phosphorus trichloride. In the last case, 
the acid (3 mols.) in ether was gradually added to rather more than 
2 mols. of the chloride with cooling, and the mixture was kept for 
24 hotrs and finally warmed on the steam-bath until no more 
hydrogen chloride was evolved. The acid obtained by these pro- 
cesses had b. p. 138—140°/22 mm. and 126—128°/11 mm., and 
the following properties : 


(1; 20% H,SO,) d2" 0-93400, np 1-45593, [Rz]p 45-43. 
(2; 50% H,SO,) di’ 0-93813, np 1-45833, [Rz]p 45-42. 
(3; PCl,) d'” 0-93692, np 1-45753, [Rz]p 45°42. 


All the samples thus showed a slight exaltation, and gave on oxid- 
ation small quantities of dipropyl ketone. Many methods of 
purification were tried without success. The chloride boiled at 
107°/30 mm. and gave a mixture of amides on treatment with 
ammonia. This was resolved into its constituents by repeatedly 
washing it with petroleum, in which only the «$-amide was freely 
soluble. The residue, after several crystallisations from benzene— 
petroleum, consisted of the pure By-amide, m. p. 120—121°; it 
could be sublimed (Found: C, 69-5; H, 11:2. C,H,,;ON requires 
C, 69-6; H, 11-1%). 

Equilibration of the Acids —The «$- and the ®y-acid (in the latter 
case, the purest sample available) were each refluxed with ten times 
the calculated quantity of potassium hydroxide (20 or 60% solution) 
for 24 hours; the acid mixture was then isolated by Linstead’s 
method (loc. cit.). The percentage of «8-acid in the mixture was 
determined by Bougault’s method (Ann. Chim. Phys., 1908, 14, 145) 
with the following results : 


Equilibrium mixture from the «®-acid: (a) 35°7%, (b) 33-0%. 
29 9 By-acid : (a) 314%, 


from which the mean figure is 33%. A discussion of the details 
of procedure is reserved for a future communication. 

Attempts to Prepare the Acids by Other Methods——An attempt to 
prepare the «®-acid by elimination of hydrogen bromide from 
«-bromo-8-propylhexoic acid was abandoned because the bromo- 
acid could not be obtained free from unbrominated material. The 
preparation was carried out as follows: Dipropylcarbinol (100 g.), 
prepared in 50% yield by the method followed by Grignard (Compt. 
rend., 1901, 132, 336) for preparing ditsobutylcarbinol and in 75% 
yield by reducing dipropyl ketone with sodium wire in wet ether 
(Kurtz, Annalen, 1876, 184, 205), was refluxed for 4—5 hours with 
600 g. of hydrobromic acid (d 1-5) free from sulphuric acid. The 
bromide, b. p. 161—165°/749 mm. (slight decomp.), 88°/64 mm., 
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thus obtained in 50° yield, was condensed with ethyl sodiomalonate 
in alcohol in the usual manner, a good yield of ethyl hydrogen 
isoheptylmalonate, b. p. 168°/35 mm., being obtained in the place 
of the diethyl ester (Found: C, 62-9; H, 9-4. C,.H,.0, requires 
C, 62-6; H, 9-6%). The acid was readily obtained on alkaline 
hydrolysis; it refused to solidify and therefore was distilled, a good 
yield of $-propylhexoic acid being collected as a colourless liquid 
with a not unpleasant odour, b. p. 144°/30 mm. (Found: C, 68-2; 
H, 11:3. C,H,,0, requires C, 68-3; H, 11:5%). The acid was 
converted into its chloride and brominated, crystals of an unstable 
bromo-acid chloride being obtained; these could not be freed from 
unbrominated material and rapidly decomposed on distillation or 
- on exposure to the air. 

Attempts to obtain the corresponding §-bromo-acid (hydro- 
bromide of dipropylacrylic acid) were also unsuccessful. 

88-Diisobutylacrylic Acid.—Diisobutyl ketone (isovalerone) was 
condensed with ethyl bromoacetate; the yield of ethyl 6-hydroxy- 
68-ditsobutylpropionate was always poor, the best (35%) being 
obtained by carrying out the condensation in ether and warming 
the reaction product over-night; 30% of the ketone was recovered. 
The ester boiled at 138—140°/20 mm. and yielded a viscous liquid 
acid on hydrolysis. The hydroxy-acid. could not be purified by 
distillation. It was dehydrated both with acetic anhydride and 
with dilute sulphuric acid, mixtures of unsaturated acids being 
obtained in every case; b. p. 144—149°/20 mm. (Found: C, 71:5; 
H, 10-6. (C,,H,,0, requires C, 71-7; H, 10-9%). The properties 
of different preparations were as follows ([Rz]p calc., 54-06) : 


Source of acid. t. d. np. [Rz]p obs. 
(1) Dehydr. by Ac,O 21° 0-92530 1-46091 54-60 
(2) 5, ” ” 21 0:92488 1-46111 54-65 
” ” 26 0-91885 1-46982 54°88 
19 0-92141 1-46723 54-46 


(4), 
(5) KOH on (1) 18-5 0-92609 1-46131 54-56 
j 4 


(6) » (4) 20 0-91660  1-46603 54:51 
) Regen. from acid chloride... 17-5 0-92782 1-46144 54-54 
Equilibration. This was carried out as described on p. 1553, and 

the percentage of «-acid in the mixture determined as before; the 

mean value was 49% of «8-acid. 
cycloHeptylideneacetic Acid.—Suberone, obtained in 40% yield 
from thorium suberate by Ruzicka’s method (Helv. Chim. Acta, 

1926, 9, 515), was converted into ethyl cycloheptanolacetate (Wal- 

lach, loc. cit.) as before, 30 g. being obtained from 56 g. of suberone, 

16 g. of which were recovered. This quantity of ester gave 20 g. 

of hydroxy-acid which did not solidify. 

The acid (20 g.) was boiled with 35 c.c. of acetic anhydride for 
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3—4 hours, and the unsaturated acid isolated by distillation in 
steam, 5 g. of solid being obtained in addition to a small amount 
extracted from the head and tail fractions; it formed colourless 
needles, m. p. 54° (Found: C, 69-6; H, 9:2. C,H,,0, requires 
C, 70-1; H, 9:2%). 

A small quantity of the acid was treated with dry ozone in 
chloroform solution; the ozonide on decomposition gave an 80% 
yield of suberone (weighed as semicarbazone). 

a-Dibromocycloheptylacetic Acid.—The «$-acid (0-5 g.) was dis- 
solved in 2 c.c. of acetic acid, 0-5 g. of bromine in acetic acid added, 
and the mixture left in an exhausted desiccator; crystals of the 
dibromide slowly separated. On recrystallisation from chloroform— 
petroleum colourless crystals, m. p. 125°, were obtained. 

Al-cycloHeptenylacetic Acid.—The hydroxy-acid (15 g.) was 
refluxed for 3 hours with an excess of 10° sulphuric acid, and the 
unsaturated acid was distilled in steam and isolated by means of 
ether, the yield being 2-5 g. Its properties corresponded closely 
with those of Wallach’s acid: b. p. 158—160°/18 mm., d? 1-0382, 
ni 1-49232, [Rz]p 43°09. When examined by Bougault’s method, 
this acid was proved to contain 24% of «$-acid. 

8y-Dibromocycloheptylacetic Acid.—The crude fy-acid was con- 
verted into a dibromide under the same conditions as the «f-acid ; 
it crystallised only partly, the solid being the new dibromo-acid, 
which on crystallisation formed hard, colourless prisms, m. p. 103— 
104°. A mixture of this with the «8-dibromide melted at about 
79°. On standing, the fy-dibromide gradually darkened and 
appeared to be converted into a bromo-lactone. 

Equilibration. Experiments were carried out starting both with 
the «8- and with the By-acid; the mean of several determinations 
gave the percentage of the «f-acid in the mixture as 25-6. 


The authors’ thanks are due to the Royal Society and to the 
Chemical Society for grants which have defrayed the cost of this 
investigation. 
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CCVI.—Low Temperature Oxidation of Hydrocarbons. 
By Joun Srantey Lewis. 


Iy his researches on the combustion of methane and ethane, Bone 
proved conclusively that reaction with oxygen takes place at temper- 
atures well below the ignition point, the products being aldehydes, 
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water, etc. As a result of this work he put forward his hydroxyl 
theory (J., 1902, 81, 535; 1903, 83, 1074; 1904, 85, 693, 1637; 
Proc. Chem. Soc., 1905, 21, 220). More recent work has shown that 
paraffin oils and waxes undergo oxidation at low temperatures, and 
the latter have been converted into fatty acids, but attention has 
been given also to the unsaturated hydrocarbons, especially diolefins, 
which are prevalent in “ cracked ”’ spirit. A review of the work 
on “ Gasolines” is given by Brooks (Ind. Eng. Chem., 1926, 18, 
1198). An advance has been made by Callendar (Engineering, 
February, 1927), who has proposed the theory that the initial step 
in the oxidation of paraffins at low temperatures is the formation of 
peroxides which decompose eventually into aldehydes, acids, water, 
etc. 

The present paper contains an account of (a) a simple arrangement 
for determining the temperatures of initial oxidation of paraffin 
hydrocarbons at constant volume; (6) the influence of certain 
factors upon these temperatures ; (c) a proposed mechanism of the re- 
action, which may be called the ‘*‘ primary dehydrogenation theory ” ; 
and (d) an attempt to apply this theory to account for the instability 
of paraffin hydrocarbons as measured by their ignition and deton- 
ation characteristics. 

EXPERIMENTAL. 


Molecular Weights at High Temperatures.—The determination of 
molecular weights by the Victor Meyer method at temperatures 
above 200° gives anomalous results for paraffins, the molecular 
weights decreasing as the temperature increases (Ormandy and 
Craven, J. Inst. Petroleum Tech., Nov., 1925), as shown in Table I. 


TABLE I. 


Molecular-weight determinations (Ormandy and Craven). 


Heptane. Pratt’s. Benzene. 


(plus piece of porous pot) 


The suggested explanation of this decrease is that chemical action 
of some kind has taken place causing an increase in the number of 
molecules, and the above workers attributed this partly to the 
cracking of the paraffins, and to partial combustion whilst the 
spirit remained in the liquid phase, vapours being affirmed to be 
more stable. Experiments conducted with coal-gas gave more 
normal results. The foregoing results have been disputed by some 
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workers, but they have been confirmed in this laboratory, and some 
of the results obtained for hydrocarbons other than paraffins are 
shown in Table II. 

TABLE II. 


Molecular-weight determinations of typical hydrocarbons. 


Benzene. Toluene. cycloHexane. Amylene. 


M. Temp. M. 
92 230° 85 
92 260 83 
93 342 68 
310(in 93 362 61 295 (in 
oxygen) nitrogen) 
360 (in 78- 385 (in 93 400 73 303 (in 
oxygen) oxygen) nitrogen) 
400 (in Ex- 310 
oxygen) ploded. 
400 (in 85 355 (in Ex- 
nitrogen) oxygen) ploded. 


The aromatic substances are apparently stable up to 400° in 
these experiments, whereas the olefin and the naphthene are affected 
by oxygen, but not by nitrogen, and their molecular weights are 
normal. This seems to discount the view that cracking takes 
place to any appreciable extent, and experiments are in progress 


on the lines described later to ascertain the exact temperatures at 
which the various hydrocarbons crack, and thus to obtain com- 
parative values for their stability in the absence of oxygen. In- 
crease in the expected volume of gas, i.e., decrease in the measured 
molecular weight, is to be attributed to oxidation, but this oxidation 
can and does take place in the vapour phase, as will be shown later. 
It was observed also that the tubes used for weighing the liquid 
always contained films of gums or tarry deposits at the end of the 
experiments; these were light brown for low temperatures, and 
deepened to black tars as the temperature of experiment was 
increased. These gums are probably formed during cooling and 
are the condensation products of aldehydes. 

The results of the earlier molecular-weight determinations were 
erratic and variable owing to the fact that the weights of liquid in 
each experiment differed, thus altering the ratios of hydrocarbon to 
oxygen and to the surface area of the Victor Meyer bulb. By using 
the same weighing tube throughout, with approximately equi- 
molecular proportions of liquid for each temperature, and a large 
bulb, more concordant results were obtained, the observed mole- 
cular weights of hexane and octane decreasing gradually with rise 
of temperature above a certain limit. A fairly smooth curve was 
thus recorded for temperature-molecular weight (Fig. 1). The figures 
are in}Table ITT. 
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Taste III. 


Molecular weights of paraffins, obtained by using constant 
proportions and conditions, 
Hexane. Heptane.* Octane. 


Temp. ° Temp. M. Temp. M. 
200° § 200° 102 180° 113 
242 f 220 73 204 110 
260 2 250 79 220 96 
266 y 265 74 238 84 
278 j 275 70 256 80 


* Ormandy and Craven (loc. cit.). 


These curves meet the horizontal line of constant molecular 
weight at a point corresponding approximately to the temperature 
Fra. 1. of initial oxidation. At 

120 the other extreme the 


¢ tare curves presumably inter- 
= N 
lar 
x 
He 


} sect the horizontal lines 
corresponding to _ the 
molecular weights that 
would be attained if 
oxidation to water and 
carbon dioxide was com- 
plete; but before this 
temperature could be 
reached spontaneous 
ignition would take place, 
ws etuiiabin | | (8S indicated diagram- 
“ig0° 220° 260° 300° 340°  3gq° matically by the vertical 
Temperature. lines. The above method 
Octane. is obviously unsatisfac- 
——— Heptane. —.—-— Hewxane. tory for determining the 
exact temperature at which oxidation is initiated, and the following 
simple method was used. 

Constant-volume Method.—A known quantity of the liquid was 
enclosed in a large cylindrical bulb to which was attached a stout 
capillary tube connecting with a mercury manometer, as in the usual 
form of an air thermometer (Fig. 2). During the slow heating of 
the bulb, the manometer was raised constantly so that the mercury 
in the capillary tube was kept at a constant mark, the height of the 
mercury in the manometer plus the barometric pressure being the 
pressure of the mixture inside the bulb. Readings were taken at 
small intervals of temperature, and a pressure—-temperature diagram 
was drawn. If no chemical action takes place the curve should 
follow approximately that of the gas laws, but in the case of the 
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paraffins there occurs a sudden rise or inflexion indicating chemical 
action. The temperature at which this rise occurs will be known as 
the “ critical inflexion temperature ” or the C.J.7. ‘Typical curves 


Fig, 2. | 


are given in Fig. 3. Most of the 
hydrocarbons used in these experi- 
ments were either Kahlbaum prepar- 
ations or of a purity complying with 
the recognised physical data. The 
following results were obtained : 
Pentane, 253°; hexane, 232°; octane, 
198°. (It is possible to read the 
C.I.T.’s to within 1° or 2°.) 

The initial part of the curve follows 
the air-thermometer curve approxim- 
ately until the C.J.7. is reached, 
and once this is passed there is no 
rapid rise of pressure corresponding 
to a reaction with increased number 
of molecules. In fact, for some 
distance the curve does not differ 
much from the air curve, having a 
tendency to fall below rather than to 
tise above it, as though molecules 
were combining and becoming fewer 
in number. At much higher tem- 
peratures the curves revealed a pro- 
gressive, but slow, decomposition. 
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The form of the curve is unexpected, because the sudden rise 
at the C.I.7'. denotes a reaction which is completed at this tem- 
perature, accompanied by an increase in the number of mole- 
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Heptane. 
Rapid. ——— Slow. 


cules. Hydroxyl or peroxide formation would cause a decrease in 
the number of molecules, and hence a depression in the curve, unless 
these oxygen derivatives were produced and decomposed at the same 
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temperature. That the whole of this reaction takes place at the 
C.I.T. was proved by maintaining the temperature constant for 
some time, whereupon the pressure increased to a maximum and 
remained stationary. 

It appears that for paraffin hydrocarbon-air mixtures there is a 
critical temperature at which rapid chemical action takes place with an 
increase in the number of molecules. 

The critical temperature is dependent upon molecular weight, as 
seen in the results for pentane, hexane, and octane ; but other factors 
influence it and the following experiments were instituted with a 
view to determine them. 

Rate of Heating.—Two experiments were carried out with heptane, 
the rise of temperature in one case being extremely slow, and in the 
other about 1° per minute, the same bulb and equal quantities of 
liquid being used. The initial parts of the curves are parallel up 
to the C.I.7'., indicating that if chemical action has taken place the 
extent is the same for the two rates of heating. At the C.I.7'. the 
rise for slow heating is more abrupt and is completed within 1° or 
2°. That the reaction occurs with measurable velocity is shown by 
the curve for rapid heating (Fig. 4). In the case of pentane, which 
has a higher C.J.7'., the velocity of the reaction is greater, and with 
a rate of heating comparable with that denoted as “ rapid” above, 
reaction is completed in a small range of temperature. It may be 
justifiably concluded that when one of these paraffin hydrocarbon- 
air mixtures is suddenly raised to a temperature well above the 
C.I.T'. but below that of spontaneous ignition, as, e.g., during sudden 
compression, the chemical change involved at the C.I.7'. will take 
place almost instantaneously, giving rise to a pressure higher than 
the calculated, and also causing evolution of heat. 

Concentration of the Vapour.—At first it was thought that con- 
centration played no part, because the differences obtained were 
very small. To test this point, one bulb was used for a set of 
experiments ‘in which gradually increasing weights of octane, and 
also hexane, were employed. The results for octane, depicted in 
Fig. 5, show that concentration affects the C.I.7'. to a small but 
appreciable extent. 

It is possible that chemical reaction begins below the C.J.7'., but 
if so, it must be very slight, because on heating some of the mixtures 
to temperatures below the C.J.7'., cooling, and reheating, the curves 
obtained were almost identical, but on occasions the contents 
of the bulb reduced a very weak solution of potassium perman- 
ganate. No “ gumming” or coloration of the finally cooled liquid 
occurred, however, in any instance. 

Atmosphere of Oxygen.—The curves for hydrocarbon-oxygen 
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mixtures were of the same nature as for air. The bulbs were filled 
with oxygen, a measured quantity of hydrocarbon was added, and 
pressure-temperature curves were determined as before. These 
curves varied only in the fact that the C.J.7’. was more abrupt and 
completed within a smaller range of temperature (1—2°), showing 
that, whatever chemical change is taking place at the C.J.T., the 
velocity is much greater in oxygen. The actual temperature, 
however, differed very little from that in a similar determination 
with air, and no more than would be expected from the change in 
the concentration ratio of vapour—oxygen to vapour-air. 

A remarkable feature is that once the C.J.7'. is passed, the contents 
of the bulb are apparently stable at least up to 450°, and have been 
heated to this point without explosion or spontaneous ignition 
occurring. Callendar, in his tube experiments, heated a paraffin- 
air mixture to 666° before ignition was reached, but slight explosions 
occurred at 516° with flashes of flame when the same mixture carried 
liquid drops of the hydrocarbon. It appears, therefore, that the 
liquid phase is more unstable than the vapour state, and the C.I.T. 
has some bearing upon this phenomenon. Spontaneous-ignition 
temperatures for liquid particles must give results which are far 
below those for complete vapour-—air or oxygen mixtures. 

Atmosphere of Nitrogen.—Hexane was heated in the apparatus, 
which had been filled with nitrogen, and up to 365° the pressure- 
temperature curve was normal and showed no inflexion. No gum 
was formed and the liquid remained colourless on cooling. On 
reheating, the pressure-temperature curve was practically identical 
with the first, thus confirming the work on molecular-weight deter- 
minations in nitrogen and the conclusion that no decomposition or 
“cracking ” takes place. The sudden rise in pressure at the C.J.T7'. 
can only be attributed to oxidation of the paraffin-hydrocarbon 
molecules, accompanied by an increase in the final number of 
molecules. 

Comparison of Isomerides.—Spontaneous-ignition tests are un- 
trustworthy for making a comparison of the stability of the hydro- 
carbons in the presence of oxygen, and the recorded results are very 
variable. The method adopted in these experiments is suitable 
for comparing two isomerides if the C.J.7'. is taken as the initial 
oxidation temperature. Thus in the case of n- and iso-pentane, 
when equal weights were heated separately in the same bulb, the 
C.1.T.’s were: Pentane, 253°; isopentane, 260°. 

In this experiment the n-pentane is less stable than its isomeride, 
and if there is a relationship between this temperature and spontane- 
ous ignition and detonation, then pentane should detonate more 


teadily in the engine. It has been shown that an isooctane possesses 
3G 
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much feebler detonating properties than n-octane (Graham Edgar, 
Ind. Eng. Chem., 1927, 19, 145). 
Surface Area.—The bulbs used were of good soda glass; the 
effect of surface area is shown by the C.J.7’. in the following results : 
Hydrocarbon. Large bulb. Small bulb. 
isoPentane 259—260° 263—264° 
Heptane 210—212 214—215 
Catalysts.—T wo typical catalysts were used : (a) platinum, an oxid- 
ising catalyst, and (6) lead tetraethyl, a poison or negative catalyst. 
Fie. 5. Fig. 6. 
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Heptane alone. 
——— Heptane with platinum as catalyst. 


(a) Platinum. This was used both in the form of a coating on 
the bulb and as platinised asbestos. 'The effects were very marked : 
chemical reaction proceeded slowly even at low temperatures, and 
the pressure-temperature curves showed much irregularity. A 
typical example of the curves is found in Fig. 6, for heptane, both 
with and without the catalyst. When the catalyst is present there 
is a steady rise in pressure above the normal curve, commencing at 
about 130—140°. Chemical action must be proceeding at or below 
this temperature. Heating was continued up to 275°; here an un- 
expected change took place, which must be regarded as a kind of 
rapid combustion, not an explosion or detonation. The mercury 
was pushed down the capillary tube with considerable speed, and 
when it was brought back to zero by raising the manometer, a big 
increase of pressure was registered. Thereafter, the curve pro- 
ceeded normally. At the end of the experiment, the bulb was 
coated with a carbon deposit, and the remaining gases contained 
carbon monoxide and dioxide. There was none of the usual peculiar 
smell after heating in the bulbs nor any gummy residue. | 
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(b) Lead tetraethyl. The remarkable inhibiting properties of this 
substance were very evident: in every case examined, it either 
completely obliterated the inflexion in the pressure-temperature 
curve, or, if a rise did occur when smaller quantities were used, 
this took place at higher temperatures. but was exceedingly small, 
denoting only slight chemical change with increase in number of 
molecules. The effect of lead tetraethyl, therefore, is to prevent or 
reduce that particular chemical change which occurs at the C_I.T. 
A typical example illustrating this fact is given in Fig. 7 for iso- 
pentane, which normally gives a well-defined and easily observed 
rise of pressure at the C.J.7'., but in the presence of 1% of lead 
tetraethyl there is no sign of a break in the curve up to the highest 
temperature studied, viz., 298°. On cooling the tube, no gum 
formation was obtained and the 
characteristic odour of the Fia. 7. 
oxidation products was absent. LA 
In some cases, the bulb was 
cooled and reheated, and the 
second curve was then generally 
in close agreement with the 
first. J 

The inhibiting action of lead A 2 
tetraethyl in oxidation appears 
to be more general, as the Dy 
following examples show. The | 
gumming of cracked spirit is 
attributed chiefly to the form- 
— of peroxides by the (a) isoPentane without lead tetraethyl. 
“dienes” present. Morethana (p) _,, with ,, Ad 
year ago, two samples of cracked 
spirit were enclosed in glass cylinders, only one of them containing 
1°% of lead tetraethyl, and at the present time this remains clear and 
colourless, whilst a thick gum has collected at the bottom of the 
untreated sample, which is now yellow. These results seem to 
support Callendar’s statement that the action of the lead tetraethyl 
is to prevent the formation of peroxides. The conditions are, 
however, entirely different in the two experiments: in the one just 
described, the temperature is that of the room, and therefore the 
lead tetraethyl remains as such; at high temperatures it is decom- 
posed, and any negative action must be exerted by the lead itself. 

A second experiment was carried out with equal volumes of a 
light lubricating oil contained in four separate flasks. No. 1 flask 
was heated to 250° with constant stirring, and then cooled. It 
had darkened rapidly and become almost opaque. No. 2 contained 
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lead tetraethyl and during the same treatment underwent little 
change except in colour (from light yellow to a light reddish tint), 
but was otherwise quite transparent. The oils in Nos. 3 and 4 flasks, 
of which only the former contained lead tetraethyl, were exposed to 
sunlight for some weeks. The latter darkened gradually, and the 
final appearances of these samples were identical with those of 
Nos. 1 and 2, which had been heated. In all cases a solid was 
deposited after several months’ standing. 

Further evidence of the negative catalytic action of lead 
tetraethyl is given by dynamic oxidation tests. Air (free from 
carbon dioxide) was passed through the oil heated to a known 
constant temperature, then through a series of U-tubes, two empty 
for collecting light oily products and part of the water, two filled 
with calcium chloride, and one with soda lime for carbon dioxide 
estimation. Experiments were carried out (i) heating the oil 
alone without air bubbling through, (ii) passing air through the 
heated pure oil, (iii) passing air through the heated oil containing 
1% of lead tetraethyl. The weights of carbon dioxide and water 
produced were determined, and the oil after treatment was examined 
quantitatively for hard asphalt, coking test (R.A.F.), and acidity. 
The first experiment was carried out at 200° for 12 hours, and the 
rate of air flow was 15 litres per hour. The untreated oil darkened 
very rapidly, becoming almost black, whereas the sample containing 
lead tetraethyl remained pale yellow for more than 3 hours, after 
which it darkened slowly, showing that the catalyst was gradually 
losing its effectiveness. The coking tests, etc., indicated that the 
treatment was too severe for this oil; the experiments were therefore 
repeated at 180° with an air-flow of 10 litres per hour, and were 
stopped at intervals of 2 hours for analysis of the oil and for the 
weighing of the water and carbon dioxide. These results are in 
Table IV, and two points are brought out clearly, viz., the inhibiting 
action of lead tetraethyl (which, however, decreases slowly), and, 
secondly, the fact that water is produced during oxidation, but is 
partially suppressed by the lead tetraethyl. This second point 
seems to favour the theory of primary dehydrogenation, to be 
discussed later. 

Moisture—When hydrocarbon-air mixtures were heated with 
appreciable quantities of water, the pressure-temperature curves 
were peculiar in that they were exceedingly irregular, even for 
temperatures just above the boiling point of water, and appreciably 
higher than the normal curve. Apparently water exerted some 
chemical or catalytic action, and it was decided to try the effect of 
eliminating moisture. Accordingly, the bulb was dried as far as 
possible by heating it in a current of dry air; it was then filled with 
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TABLE IV. 


Changes in a light spindle oil due to oxidation. 


Coking test Acidity 
Vis- (mg.per Hard (mg.per H,O 
cosity * 100g. of asphalt, 100g.o0f evolved, CO, 
Conditions of test. (secs.). oil). o.. oil). , = ~~. 

(a) Original oil y 0-34 Nil. 9 
(b) Heated at 200° for 

12 hrs. 261 0-60 Negl. 14 
(c) Heated at 200° for 

12 hrs., and air 

passed through at 

15 litres per hr.... 
(d) As in (c) but 1% of 

PbEt, added 
(ec) Heated to 180°; air 

passed through at 

10 litres per hr. for 

2 hrs. 245 “88 13 2-34 
(f) As (e) for 4 hrs 353 ° 21 4-20 
(g) As (e) for 6 hrs. ... 437 2: 49 5-18 
(h) As (e) + 1% PbEt, 218 . 9 0-14 
(i) As(f) + 1% PbEt, 238 . 13 0-29 
(j) As(g) + 1% PbEt, 265 . 19 0-99 


* Determined at 70° F. in a No. 1 Redwood viscometer. 


dry oxygen, and hexane was introduced. To the neck of the bulb 
was attached a tube containing phosphorus pentoxide, and the 
apparatus was fitted up and allowed to remain for 2 weeks, after 
which the pentoxide tube was sealed off and a reading taken. It 
was found that up to 275° there was only a very small rise of pressure 
above the normal curve, equal to about 10% of that usually 
occurring. 

Contents of Bulb after Heating.—Qualitative tests only have been 
carried out, and in view of the work recently published by Callendar 
(loc. cit.), the project of quantitative work was abandoned. After 
being cooled, the contents of the bulbs possessed a peculiar pene- 
trating smell, somewhat resembling that of a terpene. Water 
(even at temperatures just above the C.J.7'.), aldehydes, acids, and 
oxides of carbon were detected, but no peroxides. In the case of 
all paraffins, however, a certain amount of gum was formed, light 
yellow for moderate temperatures, black for high temperatures. It 
was necessary to ascertain if these gums were produced during the 
process of heating, or if they were formed on cooling. Two test- 
tubes containing small quantities of octane were heated in a 
glycerol-bath to 250°, one tube being completely immersed, and the 
other partially. A brownish gum was observed on the exposed, 
and hence, cooler, part of the latter tube, whilst the other tube was 
clear when rémoved from the bath, but on subsequent cooling the 
condensed liquid was of a pale yellow colour. It is assumed that 
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the gums are condensation products of the aldehydes which have 
been produced at the higher temperatures. Further, when any 
bulb containing paraffin hydrocarbon is heated above the C.I.7. 
and cooled, there is a fall of pressure, and after reheating, the derived 
pressure-temperature curve is lower than the first. 

Comparative Results for Paraffin Hydrocarbons.—Since the 
temperature at which initial oxidation occurs is dependent on 
various factors, a series of experiments was arranged so that condi- 
tions were more comparable, and the following details were taken 
into consideration: (1) The bulbs were of the same material and 
volume; (2) the rates of heating were identical as far as possible; 
and (3) the hydrocarbon vapours were in equimolecular proportion. 

In Table V are the C.J.7..’s of several hydrocarbons of the paraffin 
series determined under these constant conditions, and also other 
data appertaining to them. An unsuccessful attempt has been 
made to discover some physicochemical significance of this initial 
oxidation temperature, but graphical methods show no linear 
relationship between these temperatures and boiling point, spontane- 
ous-ignition temperature, heat of formation, or flash-point. The 
following conclusions, however, are drawn from these figures : 

(i) The C.J.7'. is lowered by increase of molecular weight. 

(ii) The temperature for normal hydrocarbons may be below that 
of the isomerides. 

(iii) There is a general parallelism between the C.J.7.’s and 
spontaneous-ignition temperature, both decreasing with rise of 
molecular weight. 

(iv) The flash-point is lowered, whilst the C.J.7’. is raised, when 
the molecular weight decreases. 


TABLE V. 
Spontaneous-ignition 

Hydrocarbon. Mol. wt. B. p. C.1.T. temp. in oxygen. 
n-Pentane 36° 255° 476° (560—570° in air). 
isoPentane 28 263 —- 
n-Hexane 69 230 285°, 288°. 
n-Heptane 97:5 209 298° (impure), 281°. 
n-Octane 125 197 -—— 
Nonane (impure) 150 193 — 


The Mechanism of the Reaction and its Bearing on Detonation. 

Two theories have been advanced to explain the primary action 
of oxidation of paraffin hydrocarbons: the older hydroxyl theory 
of Bone, and the recently advocated “ peroxide ” theory of CaJlendar 
(vide supra). The latter theory possesses no advantage over the 
former, and differs from it merely in postulating the interposition of 
two oxygen atoms in place of one between a C-H or C-C linkage. 
It is true that peroxides have been detected by passing vapour-air 
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mixture through heated tubes and suddenly cooling the products, 
the effective yield being increased when the experiment was carried 
out with droplets, but the experiments of Callendar are inconclusive 
in that they do not show definitely that the peroxides are alkyl or 
dialkyl peroxides and not hydrogen peroxide. Even if the former 
are present they may be the result of secondary oxidation of un- 
saturated hydrocarbons previously produced, for these substances 
have been proved to yield peroxides readily. Moreover, there is the 
difficulty that the volume (or number of molecules) increases at 
the temperature of initial oxidation to the extent of 15—20% of the 
number of hydrocarbon molecules present. Peroxide formation 
can only occur with decrease in the number of molecules, and a 
simple peroxide decomposition cannot increase the final number of 
molecules. The pressure-temperature curves given on p. 1559 
indicate a sharp rise in the number of molecules at the C.J.T., 
followed by a small decrease in pressure below the normal curve, 
indicating chemical change occurring with decrease in the number 
of molecules. 

Stability of Paraffin Hydrocarbons.—This depends on the molecular 
weight and configuration of the molecule. In accordance with the 
researches of Berthelot, the effect of heat may be summarised in the 
reversible reactions 


(i) C,Hen+2 —C,H2, + He (lower temperatures). 
(ii) CpHon+2 = Cnj2Hn + Cnj2Hn+2 (higher temperatures). 


Many objections have been raised against this theory of a state of 
equilibrium, and in actual practice several side reactions may be 
concurrent, especially at higher temperatures. At 300—400°, 
however, there is an undoubted production of hydrogen, but this is 
always accompanied by molecular changes. 

A priori reasoning might lead one to conclude that with increasing 
hydrogen—carbon ratio the former element would split off more 
easily. Such, however, is not the case, and methane, with its 
higher proportion of hydrogen, is more stable than any member of 
the series. For hydrocarbons of this series, the heat of formation 
may be taken as a measure of the mean stability of the carbon atoms 
in the molecule. The molecular heat of formation increases with 
the number of carbon atoms present, but the heat of formation per 
carbon atom diminishes as shown by Thomsen’s results : 

Heat of formation Mean heat of formation 
Hydrocarbon. (constant volume). per carbon atom, 
Methane (CH,) 16-5 Cals. 
Ethane (C,H,) 11-05 
Propane (C,H) 25: 8-46 
Butane (C,H) 29- 7:27 
Pentane (C,H js) , 6-30 
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The same investigator has shown that the average thermal values 
of the C-C and C-H linkages are approximately the same, so that 
Mean heat of formation/Valency of carbon may be taken as a re- 
lative measure of each valency attraction. There is no experimental 
justification for assuming that in a given molecule the forces of 
attraction of the C-C and C-—H linkages are equal, and evidence is 
in favour of the view that there are some hydrogen atoms which are 
more easily split off than others. Besides the position of the 
hydrogen atoms and molecular weight, isomerism will be a con- 
tributing factor to the ease or otherwise of splitting off the hydrogen 
atoms. ma 

A comparison of hydrocarbons of the different series presents 
more difficulty in that the naphthenes and aromatics contain ring 
compounds, but for those members containing the same number 
of carbon atoms, viz., hexane, cyclohexane, and benzene, the pro- 
portion of hydrogen and heat of formation decrease in the order 
given, whilst it seems probable, from the scanty data available, 
that the ease with which hydrogen is split off is greatest for that 
molecule containing the highest ratio of hydrogen atoms to carbon 
atoms, the latter being constant in each series. 

Primary Dehydrogenation Theory.—The view held, as the result 
of the experimental work, is that primary oxidation consists in the 
direct combination of oxygen with those atoms of hydrogen which 
are most easily split off from the hydrocarbon molecule, the initial 
products being unsaturated hydrocarbons, containing one or more 
double bonds, and water. This will account for (a) the increase in 
the number of molecules at the C.I.7’., e.g., 2C,H, + O,—>2C,H, + 
2H,0; (6) the high percentage of water in the products formed 
above the C.I.7'., this percentage being only slightly increased at 
considerably higher temperatures; and (c) the appreciable propor- 
tion of unsaturated hydrocarbons formed near the C.J.T’. 

Secondary reactions ensue, the oxygen combining with the un- 
saturated hydrocarbons to produce aldehydes, peroxides, etc. 
This reaction reveals itself in the slight fall in the pressure-temper- 
ature curves just above the C.J.7. Striking confirmation of this 
was obtained by heating amylene-air as in the above experiments : 
an actual depression in the curve occurred, commencing at 232° and 
continuing up to 254°, after which a gradual rise above the theoretical 
curve followed. No water was detected in the finally cooled pro- 
ducts; but considerable gum formation had taken place. 

From the foregoing statements on stability it would appear that 
methane is the most stable of the hydrocarbons towards oxygen. 
This is actually the case and it must be observed that the difficulty 
of oxidation is increased by the probability that two hydrogen 
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atoms must be removed from one carbon atom to form water, 
leaving CH, residues, which react eventually in various ways. 
Ethane is far less stable and one hydrogen atom may be removed 
| from each of two adjacent carbon atoms to yield a double bond. 
7 Similarly, the higher hydrocarbons can give rise to conjugated 
} double bonds which will enter vigorously into secondary oxidations. 
In the two cases which have been studied, the normal hydro- 
carbons appear to be more active than the isomerides. If this 
statement is of general validity, it may be that the isomeride with 
| the fewest carbon atoms in the main chain is most stable, or that 
side chains retard removal of hydrogen atoms, or that two or more 
} hydrogen atoms attached to adjacent carbon atoms are more readily 
7 oxidised. 

Thermal Value of the Dehydrogenation.—The removal of hydrogen 
with formation of water will be exothermic, and the elimination of 
only two hydrogen atoms from heptane will produce considerable 

, heat : 
; C,H,, + O = C,H,, + H,O + 38 Cals. 
: These two factors, viz., (a) increase in number of molecules, and 
(6) production of heat, must play a considerable part in the deton- 
ation of hydrocarbons in petrol engines. The former increases the 
7 maximum pressure attained slightly above that calculated from the 
: compression ratio, whilst the second factor may under suitable 
conditions raise the temperature above that of spontaneous ignition, 
thus giving rise to pre-ignition. During the slow heating of these 
) hydrocarbon-air or oxygen mixtures, the heat of the initial reactions 
is dissipated by conduction and radiation, and it has been shown 
: (Callendar) that under such conditions the mixture can be heated to 
: temperatures above 650° without explosion. This is not the case, 
however, for sudden heating by compression, and, on the assumption 
that this takes place adiabatically, the theoretical rise in temperature 
above that resulting from compression alone may be calculated. 
For a 10°, heptane-air mixture, if only two hydrogen atoms are 
removed from the molecule to produce water, and if the high value 
of 0-5 cal. is taken as the specific heat of heptane (liquid), the rise in 
; temperature due to primary dehydrogenation alone is calculated to 
be more than 400°. A final temperature of about 370° is obtained 
bya compression ratio of 3: 1,so a theoretical maximum of at least 
770° is possible. The high value for the specific heat of heptane 
is used because it has been shown that condensation of these 
vapours can occur during compression. 
_ This factor must be considered in the question of detonation. In 
internal combustion engines, to the heat of compression must be 


added the heat liberated by primary dehydrogenation, which must 
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considerably raise both the pressure and the temperature of the 
mass of vapours. The increase in the number of molecules above the 
C'.I.7'. will also contribute to a rise in pressure. Primary dehydro- 
genation must then be the main cause of pre-ignition and deton- 
ation, and the ease of detonation increases with the hydrogen ratio. 
It is significant that the unsaturated hydrocarbons are more unstable 
and possess lower ignition temperatures than the paraffins, yet the 
latter detonate more easily. The reason is that the temperatures 
attained by equal compressions are far from comparable. Any 
factors, therefore, which will reduce the amount of heat liberated by 
primary dehydrogenation will diminish the tendency to detonation 
and allow of higher compressions. They may include reduction of 
paraffins, especially those of high molecular weight, dilution, negative 
catalysts, or a preliminary slow heating to a temperature above the 
C.I.T. Moreover, at higher speeds of the engine, the time may be 
too small to allow of completion of the chemical reactions involved 
at the C./.7'. 

Action of Metallic Catalysts —These are divided into two groups : 
(a) promoters of detonation; (b) ‘‘ antiknocks.’”” They have been 
classified also as positive and negative catalysts, and there is some 
apparent connexion between the ease of oxidation and oxide 
stability, and their catalytic action. The antiknock metals promote 
the combination of hydrogen and unsaturated hydrocarbons at low 
temperatures, and it is now suggested that their action as anti- 
knocks depends upon the complete or partial prevention of 
dehydrogenation with its attendant water and heat formation, thus 
reducing the final temperature at the end of the compression stroke. 
From what has been said, it may be concluded that positive catalysts, 
e.g., platinum, promote the reaction H, + O—>H,0, and that lead 
tetraethyl inhibits this change or even poisons the direct action of 
oxygen on the hydrocarbon, but there is no doubt that the amount 
of water formed is either nil or almost negligible. 

The Action of Unsaturated Hydrocarbons and Aromatics.—These 
hydrocarbons have an appreciable effect in lowering the detonating 
qualities of a petrol, but large percentages must be present. It is 
well known, for example, that ‘“‘ cracked spirit’ can be subjected 
to higher compression ratios than straight spirit, and this raises 
an objection to the peroxide theory of Callendar. Cracked spirit 
contains unsaturated hydrocarbons of the olefin type and also 
dienes even after refining; these are essentially peroxide-forming, 
and should increase rather than decrease detonation. It is suggested, 
therefore, that these hydrocarbons are effective as antiknocks in that 
they (a) have a smaller hydrogen content and are less likely to be 
dehydrogenated, i.c., they act partially as diluents; and (6) they 
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may enter into combination with the hydrogen evolved from the 
paraffins, by increasing the active mass of unsaturated hydrocarbons. 
Thus in the reaction C,H242 C,H», + He, the olefins produced 
are reinforced by the unsaturated hydrocarbons of the petrol, and 
even of the aromatics, and so tend to reverse the reaction with a 
decrease in the active mass of hydrogen. These unsaturated 
hydrocarbons are reducing agents. Benzene itself has a tendency to 
combine with hydrogen at low temperatures. In view of the nature 
of unsaturated hydrocarbons, their instability, and their tendency 
to form peroxides, their behaviour in an engine is contrary to 
expectation; the above may be the real explanation of the facts, 
and perhaps secondary oxidation products, such as aldehydes, 
peroxides, ete., are practically negligible on account of the time 
factor. 

The Action of Aromatic Amines.—Any substance that combines 
with hydrogen under conditions prevailing in the engine, ?7.e., that 
competes with oxygen for the hydrogen split off from the hydro- 
carbons, will tend to decrease detonation. The action of substances 
such as aromatic amines may be due in small part to dilution, but 
chiefly to the fact that they undergo decomposition, leaving residues 
which can unite with hydrogen. In the simplest case, aniline, 
the possible changes are 


(i) C,H,"NH, = C,H,: + ‘NH,, 
(ii) CH, + ‘NH, + 2H = C,H, + NHg. 


The effectiveness of such reagents will therefore depend on (a) their 
concentration, (b) the ease (or temperature) of decomposition, and 
(c) the thermal action with hydrogen, which should be as small as 
possible and preferably endothermic. 

The action of iodine is capable of some similar explanation, and 
it is noteworthy that, unlike iodine, bromine and chlorine are slight 
“knock ” inducers; moreover, it is suggestive that their compounds 
with hydrogen are exothermic, whereas hydrogen iodide is 
endothermic. Finally, there is the suggestion contained in the 
above that the ethyl groups from the decomposition of lead tetraethyl 
increase its efficiency by reducing the effective mass of hydrogen. 

Ignition of the Liquid Phase-——The published results of ignition 
temperatures are far from concordant even when determined by 
similar methods, and the two factors already discussed, viz., increase 
of volume at the C.J.7'. and the exothermic nature of this change, 
must be considered in methods based upon compression. Moore’s 
method (J. Soc. Chem. Ind., 1917, 36, 109) consists in allowing drops 
of the liquid to fall on a hot platinum dish containing oxygen. The 
liquid phase, however, is less stable than the vapour (see above), 
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and the results are lower than those obtained by the compression 
method. Doubtless, too, the size of the droplet and the catalytic 
effect of the surface play an important part, and this subject is 
reserved for a future paper. It might be argued that the ignition 
point of the liquid phase is lower on account of the adsorption of 
peroxides by the liquid, according to the views of Callendar, but it is 
known that peroxides do not affect the ignition temperature to any 
appreciable extent. This constitutes a serious objection to the 
peroxide theory. According to the views elaborated in this paper, 
the greater instability of paraffin droplets is due to the great con- 
centration of molecules in the neighbourhood of the drop, with the 
attendant increase of chemical activity near the surface, and to the 
fact that the liquid phase absorbs far more heat than the vapour. 
Thus some of the heat of primary dehydrogenation may be used in 
suddenly heating the hydrocarbon above its ignition temperature. 
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CCVII.—Siriated Photographic Records of Explosion- 


Waves. 
By CoLtin CAMPBELL and DoNALD WHITLEY WooDHEAD. 


In a previous paper (J., 1926, 3010) attention was directed to the 
notable appearance of a moving-film record of the explosion-wave 
passing through the mixture 2CO + O,. Fig. 11 in that paper is 
remarkable in that closely striated illumination is recorded behind 
the trace of the wave-front, and not the uniform illumination which 
occurs in the great majority of previously published photographic 
records of explosion-waves. Close examination of some of Dixon’s 
records (Phil. Trans., 1903, A, 200, 315; notably Fig. 11, 2CO + 0,, 
and Fig. 21, CS,'-+ 20,) discloses striations similar to those now 
described, but they are ill-defined and do not appear to have been 
noticed hitherto. The present paper deals with experiments made 
with a view to define some of the conditions required for the 
production of such striated records. 

The explosive mixture under observation (moist 2CO + 0), 
unless otherwise stated) was contained in a horizontal glass tube 
2—3 m. long, usually 15 mm. in internal diameter and 2-5—3-0 mm. 
in thickness of wall, open at the far end. The flame in this mixture 
was initiated by the explosion of a hydrogen-oxygen mixture 
contained in a similar tube in a co-axial position, complete separation 
of the two mixtures until a very short time before firing being 
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effected by a metal shutter. The flame was photographed by 
means of a drum-camera having a peripheral speed of about 
45 m./sec. Details of the experimental arrangements are given in 
our former paper (loc. cit.). 

The first striated record we obtained was given by the flame in 
the mixture 2CO + O, to which about 2°% of hydrogen had been 
added (Fig. 1). The mixture was fired by the flame produced by 
detonating the mixture 2H, + O,. The flame edge in this record 
presents a regular undulatory appearance, but the mean rate of 
progress of the wave is uniform and characteristic of the explosion- 
wave in this mixture (about 1770 m./sec.). The apparent propag- 
ation is per saltum, each spurt taking place at approximately equal 
intervals of 45 mm. in the tube, the frequency of the undulations in 
this record being thus of the order of 39,000 per second. The major 
portion of the luminosity behind the wave-front is segregated into 
bands, each of which appears to have its origin in one of the undul- 
ations of the wave-front. The bands appear to be equally spaced ; 
they are straight in this record, but definitely curved in others. 
They are inclined at a small angle to the horizontal in a direction 
opposite to that of the movement of the explosion-wave, suggesting 
a reverse motion at some tens of thousands of metres per second. 
The very high value of this rate is not favourable to the simple 
interpretation of the bands as a series of waves sent back from the 
front of the explosion-wave through the burning gases. Moreover, 
in some records the bands are horizontal, and in two they actually 
slope forward. 

Mode of Ignition—The production of striated records from 
2CO + O, was independent of the means taken to establish the 
explosion-wave, for they were obtained in equal intensity and with 
a similar period when the method of ignition was by the explosion- 
waves from (i) mixtures of hydrogen and oxygen other than 
2H, + O,; (ii) from C,N, + O,; (iii) from 2H, + O,, which had 
itself been ignited by a uni-directional spark; or by (iv) direct 
sparking of 2CO + O, containing about 2°% of hydrogen. (Without 
the presence of a little hydrogen, we failed to obtain the explosion- 
wave in moist 2CO + O, by direct sparking in a tube 12-5 mm. in 
diameter and 8 m. long.) In each of these experiments, the photo- 
graphic record was taken after the explosion-wave had been 
established. We were unable to detect any differences in records 
made in similar experiments on Kodak orthochromatic film and on 
Lumiére paper. Figs. 2, 3, 6, and \8 are copies of the negatives 
obtained with Lumiére paper; the remainder are prints made from 
Kodak films. 

Composition of Gases—When increasing quantities of carbon 
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monoxide in the mixture 2CO + O, were replaced by hydrogen, the 
striations remained distinct until the mixture contained about 
3% of hydrogen; as the hydrogen content was increased up to 
about 6%, they became rapidly less distinct; and they were no 
longer visible when between 6 and 20% was present. Figs. 2, 3, 
and 4 show this gradation of appearance with 2-2, 3-6, and 10%, 
respectively, of hydrogen. The compositions of the mixtures are 
recorded in Table I. 
TaBLeE I. 


Mixtures saturated with water vapour at 15°. 


Fig. " Q;. . Appearance of record. 
50 Striated. 
50 
50 3 Faintly striated. 
50 4 ” 9° 
50 Not striated. 
50 15 o 9° 


The distance between successive undulations in the wave-front 
may be dependent to some extent on the amount of added hydrogen, 
but this cannot yet be stated with certainty since, as will be shown 
later, the distance is dependent on the internal diameter of the 
experimental tube, and differences in the measured distances may 
be due to slight indeterminate variations in the bores of the glass 
tubes used. 

The presence of hydrogen in a carbon monoxide—oxygen mixture 
is not essential for the production of a striated record, for such 
records were obtained of the wave in the mixture 2CO + O,, not 
only when it was saturated with water vapour at room temperature, 
but also when fairly well dried with sulphuric acid. 

The addition of diluent gases (carbon monoxide, nitrogen, and 
oxygen) to 2CO + O, did not produce any change in the appearance 
of the records, striations being obtained in each experiment with 
the mixtures 3CO + O,, 4CO + O,, CO + O,, and 2CO + O, +. N.. 
The distance between successive undulations in the wave-fronts 
did not vary substantially from 45 mm. when the tube was of 
15 mm. internal diameter. 

Some experiments were made with 2H, + O, in which small 
amounts of the hydrogen had been replaced by carbon monoxide, 
but no striated records were obtained. Mixtures of hydrogen and 
oxygen varying in composition from 6H, -+ O, to 2H, + 30, also 
failed to give striated records. In order to increase the actinic 
value of the flame in the more dilute mixtures of these gases, the 
experimental tube was dusted with thorium oxide, and under these 
conditions very faint striations were obtained only with mixtures 
containing a large excess of oxygen. 
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The explosion-wave in certain mixtures of oxygen with methane, 
ethane, ethylene, carbon disulphide, and cyanogen also gave striated 
records similar to that reproduced in Fig. 1. 

Initial Pressure—A number of experiments were made with 
2CO + O, at initial pressures greater than atmospheric, the experi- 
mental conditions being the same as before, save that the far end 
of the tube was closed. The compression apparatus described by 
Ellis (J., 1923, 123, 1435) was used. Striated records were given 
in all experiments, and the distances between successive undulations 
were not materially different from those obtained at atmospheric 
pressure, being 46 and 45 mm. when the initial pressures were 2 
and 3 atm., respectively. Fig. 5 is the record obtained at 2 atm. 
The narrowness of the exposed strip of film is due to the very rapid 
shattering of the explosion tube after the passage of the wave. 

Diameter of Tube-—When explosion tubes of internal diameters 
less than 15 mm. were used, the records bore striations similar to 
those obtained with the 15 mm. tubes, but the undulations in the 
traces of the wave-fronts were nearer together. The striations 
were thus more closely packed and less easily resolvable. Tubes 
having internal diameters of 12-5 and 10 mm. were used. The 
lengths of the undulations, constant in each record, are given in 
Table IT. 

TaB_eE II, 


2CO + O, saturated with water vapour at 15°. 


Distance between undulations, 
Bore of tube, D (mm.). ZL (mm.). Ratio L/D. 
15 45 3: 
12-5 36 2: 
10 29 2: 


It appears that, within the limits examined, the distance between 
the undulations is closely related to the bore of the experimental 
tube. Since the velocity of an explosion-wave is normally un- 
affected by the diameter of the tube through which it passes, the 
frequency of the undulations is also related to the bore. 

Fig. 6 is a record of the explosion-wave in 2CO +- O, contained 
inan 8 mm. tube; it shows undulations in the wave-front 25 mm. 
apart (L/D = 3-0), with striations lying closely together in the 
burning gases behind. An additional variant made in this experi- 
ment was in the thickness of the walls of the tube. The tube was 
composite, consisting of two portions cemented together in a metal 
sleeve (represented on the record by the broad vertical band). 
The internal diameter was constant throughout, but the thickness 
of wall changed at the junction from 4 mm. to 1-5 mm. No differ- 
ence in the characteristic undulations of the trace of the wave-front 
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in the two portions can be detected. In the diagrammatic repre- 
sentation of the tube given in Fig. 6 (and in succeeding figures) the 
unshaded area indicates the position of the window in the paper 
covering of the tube, the solid areas representing the thickness of 
the tube wall; the diameters are not to scale. 

Fig. 7 shows the explosion-wave passing from a 15 mm. into a 
9 mm. tube. The two portions of this experimental tube were 
fused together, and the change in diameter at the junction was 
made as abrupt as possible. The velocity of the explosion-wave 
is unaltered by the change in diameter of the tube (see Campbell, 
J., 1922, 121, 2483), but the spacing of the undulations is decreased 
immediately on the entry of the wave into the narrower tube. In 
the latter, L = 28 mm., whence L/D = 3-1. The tube was intact 
after the experiment. The striations in the narrow portion of the 
tube do not appear to exist entirely independently of those in the 
wider portion, for near the junction the former are apparently 
retarded, and more markedly so in the gas some distance behind 
the wave-front. We have here an explosion-wave displaying 
undulations of two distinct frequencies simultaneously in different 
portions of the same tube. 

A further interesting observation has been made in records 
showing both detonation-waves and slow flames accelerating rapidly 
towards detonation. Whereas the explosion-wave is striated, the 
earlier flame is comparatively uniform, and the striations are usually 
sharply confined to that portion of the gas which has detonated. 
In other words, the burning gases in one portion of a tube may show 
striations, whilst in another portion of the same tube the illumination 
is normal. 

A few of the slow pre-detonation flames which we have photo- 
graphed show traces of striations of a period similar to those in the 
later explosion-wave. Because of their narrow and regular spacing 
these undulations must be regarded as distinct from those of the 
“vibratory movement” or of the “ uniform movement ”’ that 
precedes it. The undulations of the latter are well-known features 
of slow flames and result from the establishment of resonance, the 
flame-front acquiring an undulatory motion leading to vibrations 
which vary in amplitude according to the extent of the resonance, 
and in period according to the length of the tube (Mason and 
Wheeler, J., 1920, 117, 36). 

Photographic Definition.—In order to avoid fogging of the photo- 
graphic film by extraneous reflexions, the experimental tube was 
usually enclosed in a sheath of light-proof paper, the light from the 
explosion reaching the camera through a horizontal slit cut in this 
covering. Usually the width of this window was equal to the 
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internal diameter of the tube. The records already described (with 
the exception of Fig. 6) were obtained through such a window. 
Although reduction in the width of the window decreased the 
intensity of the exposure, the striations.did not become more 
clearly defined. However, enhanced photographic definition was 
secured when a 4 mm. window was cut ‘near the upper (instead of at 
the middle) portion of the tube. Fig. 8 was obtained with such an 
arrangement, the position of the window (viewed horizontally from 
the camera) being shown diagrammatically in the figure. This 
record is of further interest in showing how the striations persist 
in the burning gases for some time after the wave-front has reached 
the open end of the explosion-tube. 

An experiment was arranged in which a central window 2 mm. 
and an upper window 4 mm. wide were cut in the paper sheath 
over different lengths of the same tube. The record (Fig. 9) shows 
the clearly defined striations from the upper window, whilst the 
exposure from the central window produced a greater number of 
less well-defined striations. In a further experiment, a lower 
window 4 mm. wide was made in the second portion of the same 
tube. The record (Fig. 10) shows that there was in the illumination 
from each of these windows an independent series of undulations 
out of phase with one another, their alternate appearances occurring’ 
at approximately equal time intervals (about 1/80,000 sec.). 
Undulations visible through narrow central windows have periods 
considerably shorter than those recorded when the window is of 
the same width as the diameter of the tube. A similar, but tem- 
porary, effect has been observed through wide windows during the 
first 20 cm. of travel of the flame in 2CO + O, after its ignition by 
the flame of 2H, + O, (e.g., in Fig. 1), before the flame-speed had 
completed its fall to that normal for the detonation-wave in 
2CO + Og. 

Summary. 

Some of the conditions required for the production of an appar- 
ently undulatory form of the explosion-wave have been examined. 
This form appears to be characteristic of the wave in the mixture 
2CO0 +O, and in some of the more dilute mixtures of carbon 
monoxide and certain other gases with oxygen or oxygen and 
nitrogen. The presence of about 6% of hydrogen in 2CO + Og, 
saturated with water vapour at the ordinary temperature, eliminated 
visible undulations. 

Increase in the initial pressure of the gaseous mixtures to 3 atm. 
did not effect any definite change in the distance between the 
undulations, but this was found to depend directly on the internal 
diameter of the explosion-tube. The most sharply defined records 
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were obtained when only the layers of gas near the walls of the tube 
were visible to the camera. The undulations visible through a 
window in the extreme upper portion of a tube occurred alternately 
with those visible through the extreme lower portion. 

The experimental evidence is not yet sufficient to afford a com- 
plete interpretation of the striated records. It does not indicate 
whether they are due to induced vibrations of the apparatus or to 
a periodic propagation of the explosion-wave. It can be said, 
however, that the striations are not due to mechanical chattering 
of the heavier parts of the camera, since undulations of two different 
periods can be obtained on one and the same record. 

An interpretation based on the assumption that the records 
disclose what is actually occurring in the flames has been com- 
municated to us by Mr. E. F. Greig, who suggests that the part of 
the wave-front, the light of which affects the photographic film, 
traverses a helical path on the walls of the tube. The extension of 
this interpretation to the illumination from the outer layers of the 
burning gases behind the wave-front would also imply a rotation 
of the source of light affecting the photographic film. It is clear 
that a wave being propagated along a helical path could account 
for the dependence of the length of the undulations on the bore of 

‘the tube and for the alternate production of undulations in the 
records from the upper and lower windows. Further experiments 
are in progress to test the validity of this and the other possible 
interpretations mentioned above. 


We wish to acknowledge our indebtedness to the Chemical 
Society and the Brunner—Mond Research Fund Committee for 
grants towards the cost of photographic materials and apparatus, 
and to Mr. A. C. Finch, B.Sc., for laboratory assistance. 
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CCVITII.—The Nature of the Sintering of Active Copper 
Catalysts. 


By Freprrick Hurn ConstaBLe. 


THE conceptions of Taylor (Proc. Roy. Soc., 1925, A, 108, 106) 
and of Armstrong and Hilditch (ibid., p. 111) concerning the struc- 
ture of active metallic surfaces seem to have progressed very far 
in such a direction as to attribute to the centres of activity a 
quantity of energy that would approach the heat of vaporisation 
of the metallic atoms (see Constable, ibid., p. 355). Armstrong and 
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Hilditch have assumed that the nickel atom responsible for 
hydrogenation reactions is actually gaseous at the instant of the 
chemical change. Pease (J. Amer. Chem, Soc., 1923, 45, 1196, 
2238, 2297) and Constable (Proc. Roy. Soc., 1926, A, 110, 283), 
while fully convinced of the existence of centres of activity, do not 
attribute to them such great energy, the facts being much more in 
accord with the assumption that they consist. of groups of atoms 
frozen in such a manner that they can still possess intense fields of 
external force, while being far removed from the condition of vapour. 

Taylor (loc. cit.) laid considerable stress on the sensitiveness of 
the surface to heat treatment: ‘‘ A granule of the catalyst must 
therefore possess, in part, the ordered arrangement of the atoms 
found in crystals of the metal. The sensitivity of the product to 
even moderate heat treatment, whereby marked sintering occurs, 
suggests that this completely ordered arrangement of the atoms 
has not been attained, and that here and there, on the surface of a 
mainly crystalline granule, there are groups of atoms in which the 
processes of crystallisation are not yet complete.” In reality the 
process of sintering is more complicated than this,* for the 
boundaries of individual grains are. in contact, and therefore the 
granular structure is itself capable of such a growth as to reduce 
the area of the exposed surface in a marked degree. Thus, evidence 
that heat treatment reduces catalytic activity is valueless by itself 
as a criterion that some of the active centres on the surface have 
collapsed owing to the increased thermal agitation, for the total 
active surface has also been reduced in a marked manner. It is 
therefore essential for the solution of the problem to measure both 
the surface area of the catalyst and its catalytic activity. 

The investigations of Dunn (ibid., 1926, A, 111, 210) provide a 
means of elucidating this problem. If the course of oxidation of a 
metal be followed, both by measurements of the electrical con- 
ductivity of the metal—-oxide mixture, and by estimation of the 
thickness of the surface film of oxide by means of its colour in 
normally reflected light, a direct measure of the surface area of the 
catalyst can at once be obtained. Unfortunately, it is only possible 
to estimate the equivalent air thickness of the oxide film, 7.e., the 
thickness of a film of air that would produce the same colour effects, 
and thus the absolute measurement of the area of the surface is 
not possible by this method, without introducing very distinct 
assumptions as to the refractive index and nature of the oxide. It 
is, however, possible to measure the fractional decrease in the 


. There are at least two variables: the number of centres of activity per 
unit area of the surface, and the relative rate of reaction on each individual 
centre of activity. 
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surface area when the catalyst is exposed to a high temperature, 
Let S be the surface area of the catalyst, C the conductivity of the 
film of metal supported on a China-clay rod, @ the thickness of the 
oxide film, ¢ the time the metal has been exposed to oxidation, and 
e the density of the oxide of mass W. Then, assuming that the 
electrical conductivity of the film is a measure of its metallic 
content (compare Palmer, Proc. Roy. Soc., 1921, A, 103, 444), 


eS(da/dt)/(W = —(dO/di)/0 . . . . 


As the oxidation proceeds, the value of S must become smaller, and 
as its initial value only is important, it is necessary to measure 
da/dt and dC/dt at the commencement of the reaction. According 
to Dunn (loc. cit.; his conclusions are confirmed by the present 
work), the process is controlled by the rate of diffusion of oxygen 
through the protecting layer, and if W is the weight of the oxide 


formed in time ¢, then 
Pate awoke 


where K is a constant. It was found that both the fall in the con- 
ductivity and the equivalent air thickness follow the law quoted 
above for the weight of oxide formed in time ¢, when the catalysts 
are rendered inactive by sintering. But for the most active 
catalysts the value of K obtained fell considerably with increasing 
time. Dunn showed this to be due to the influence of time on the 
oxide film : some hardening process apparently takes place which 
causes the film to become less permeable to oxygen. Therefore, in 
the case of active catalysts it is necessary to find the initial value 
of K in equation (2). 

If c be the fall in conductivity, i.c.,c = Cy — C;, then c? = Kd. 
Hence de/dt = 3 K,/t; similarly da/dt = 44/K,/t. Thus equation 


(1) becomes 4 
SVK IW=VK/C . . . . (3) 


Let the symbols with suffix 1 relate to the active catalysts, and those 
with suffix 2 to the sintered catalyst; then dividing the two 
equations of type (3) for the active and sintered catalysts, respec- 
tively, after the same small time interval ¢ from the commencement 
of the oxidation of each at the same temperature, we obtain 


SoV Ka/S;V Ka, = VKalKa soe ee 4) 


The ratio of the area of the catalyst in its two states (i.e., S,/S;) 
can thus be measured and compared with the fall in catalytic 
activity, without assuming any particular value for the refractive 
index of the copper oxide. 


SINTERING OF ACTIVE COPPER CATALYSTS. 


EXPERIMENTAL. 


The films used were prepared as described previously (Proc. Roy. 
Soc., 1924, A, 106, 251). They were rendered active by alternate 
oxidation and reduction at 210°, and the nature of the departure 
from the parabolic law was studied, together with the effect of 
arrested oxidation. The fractional conductivities of the film of 
copper and the constants of the parabolic law are shown in Table I. 


TABLE [. 


Fraction of original 
t (mins.). metal remaining. c (ohm). ct/t = K,. 

1-000 0-000 — 

0-747 0-149 0-0222 
0-671 0-193 0-0183 
0-600 0-236 0-0159 
0-558 0-261 0-0170 
0-525 0-281 0-0157 
0-494 0-299 0-0149 
0-422 0°342 0-0117 
0-349 » 0-385 0-0099 


The fall in the initial conductivity noticed by Dunn was con- 
firmed, some 18°, being lost in five alternate oxidations and reduc- 
tions. The fractions of the initial conductivities were plotted 
against time, so that each curve should be strictly comparable. 


If the arrested oxidation follows the same law, then the value of 
the constant so obtained would be of importance as a characteristic 
of the hardened oxide film produced in the second experiment. 
A difficulty arises in calculating the value of K, for all curves after 
the first, because the origin of the later curves is not the point 
t= 0,c = 1-00; this can be removed by considering later curves 
as part of a parabolic curve of the form c? = K,(¢ + 7), and deriving 
K, from the relation 2c.dc/dt = K,. The results so obtained are 
recorded in Tabie IT. 

The value of K, is thus the same whether the oxidation has been 
arrested for 20 or 70 minutes; hence the sintering and hardening of 
the oxide is moderately rapid. The oxide formed during con- 
tinuous oxidation has, however, a higher permeability to oxygen, 
since it does not have time completely to attain the final state, 
owing to the constant formation of a fresh layer. The result 
nevertheless confirms that the fall in the constant for the most active 
catalysts can be accounted for by the hardening of the newly formed 
oxide layer; thus it is necessary for the solution of equation (4) to 
compare the values of K in the initial stages of the oxidation.* 

* It is fortunate that the values of K, both for the equivalent air thick- 
ness curves and for the fall in conductivity compared with time, fall in the 
same manner for the most active catalysts. Hence the average values may 
be used for comparison, and for solution of equation (4). 
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TABLE II. 


The constant in the parabolic law for catalysts whose oxidation 
has been arrested and then continued. 


Fall in Mean c Time , 
conductivity. overinterval. interval. Ac. K, Xx 108. 


A. Oxidation arrested for 20 mins. 
0-000 
0-198 
0-229 0-233 10— 2= 8 0-069 
0-267 0-260 1— 5=10 0-063 
0-292 0-290 20-10 = 10 0-047 
0-314 


B. Oxidation arrested for 70 mins. 
0-216 
0:254 0-248 10— 2 
0-280 0-288 15— 5 
0-322 0-310 20 — 10 
0-339 


The same film of metallic copper was studied by simultaneously 
measuring its conductivity and comparing its colour with a stan- 
dard. An activated film, prepared at 210°, was sintered at 440° 
for 10, 50, 100, and 200 minutes, and its rate of oxidation studied 
immediately after each sintering. (After each experiment the film 


was reduced at 210° by carbon monoxide, and sintered for the 
requisite time for the next experiment.) It was more convenient 
to use an old rod coated with copper which had been oxidised and 
reduced a large number of times; there was thus less volatilisation 
of copper during the series of experiments than would have been 
found with a freshly prepared rod. 

The results obtained with the old rod are recorded in Table III, 
which shows the validity of the parabolic law; « represents the 
equivalent air-thickness of the oxide film (in cm. x 10-5), and 
K, is the corresponding constant (K, = «?/t). 

The mean values of K, and K, are used, since it is evident from 
Tables III A and B that the fall in the constants for the fully 
activated catalysts occurs in the results of both methods and to a 
strictly comparable extent (see footnote, p. 1581). The surface area 
is reduced to about one-third while the catalytic activity is reduced 
to about one-seventh ; thus the reduction in the surface is somewhat 
more effective in reducing the catalytic activity than is the collapse 
in the actual centres existing on the surface. 

It has therefore been shown that the active centres collapse when 
exposed to temperatures considerably in excess of those at which 
the surface was formed, and hence that these centres of activity 
are in a state of strain. But the coarse structure seems to collapse 
even more easily, suggesting that the energy present in the centres 
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Tase III. 
The oxidation of active and sintered catalysts at 210°. 


A. Measurements by the conductivity method. 
Time of sintering at 440° (mins.). 


10 . 60 100 
C. K,.X 103. Cc. K.X 10. C. K, x 104. 
0-000 — 0-000 0-000 —— 
0-086 7-41 0-045 0-030 9-00 
0-122 7°45 0-066 0-036 6-48 
0-150 7-50 0-079 0-048 7-68 
0-171 7°30 0-092 0-055 7-56 
0-184 6-76 0-103 0-068 9-23 
0-203 6-86 0-108 0-071 8-38 
0-225 7°23 0:123 0-078 8-68 
0-241 7-26 0-134 0-083 8-61 
0-259 6-71 0-149 0-101 
0-276 6°34 0-162 0-112 
0-299 6-38 0-178 0-126 
Mean value of K,. 
1-52 x 10°? 7-02 x 10-3 2-18 x 10-3 8-76 x 10-4 
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B. Measurements by the colour method.* 
Time of sintering at 440° (mins.). 
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Mean value of Ke. 
2-50 x 107-10 2-12 x 10710 1:63 x 1071° 1-43 x 10710 


* Estimated from Rollett’s table (Sitzwngsber. K. Akad. Wien, 1887, 57, 
229) of the colours of Newton’s rings in transmitted light. 


TABLE IV. 


Comparison of fall in catalytic activity in the dehydrogenation of 
alcohol with the decrease in surface area. 

Time of sintering (mins.) 0-0 50 100 200 
K, x 104 152 21:8 8-76 8-19 
Ka x 10° 2-50 “1 1-63 1-43 1-33 
Fractional surface area 1-00 7: 0-468 0-32 0-33 
Rate of dehydrogenation ob- 

served with six rods similarly 

prepared 3-21 ; 0:47 0-43 © 0-48 
Fractional reaction velocity ... 1-00 . 0-146 0-134 0-134 


Reaction velocity per unit area 
of catalyst 1-00 . 0-31 0-42 0-40 
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of activity is not very greatly in excess of that possessed by the 
regular arrangement of the surface atoms. Thus the theory in the 
form advanced by Taylor, and by Armstrong and Hilditch, seems 
to be too drastic, and the more moderate views of Pease and 
Constable accord better with the experimental facts. 


LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, May 23rd, 1927.] 


CCIX.—The LElectroendosmosis of Aqueous Solutions 
through a Diaphragm of Sintered Glass Powder. 


By Frep FarrsBrotHer and HaRo“p VARLEY. 


Guass capillaries and diaphragms of powdered glass have been 
used for many quantitative investigations on electrokinetic phe- 
nomena. A review of the earlier work (to the end of 1913) is given 
by Smoluchowski (Graetz, ‘“‘ Handb. d. Elektrizitaét u. des Mag- 
netismus,” Vol. 2, p. 366). Powis (Z. physikal. Chem., 1915, 89, 
91), Kruyt (Kolloid Z., 1918, 22, 81), Freundlich and Rona (Sitz- 
ungsber. Preuss. Akad. Wiss. Berlin, 1920, 20, 397), and Hepburn 
(Proc. Physical Soc., 1926, 38, 363; 1927, 39, 99) have also used a 
glass—water interface for electrokinetic experiments. 

The results of Lachs and Kronman (Bull. International Acad. 
Polonaise, 1925, 10, A, 289), however, appear to throw some doubt 
on the quantitative value of previous work, for they found that the 
stream potentials through glass and quartz capillaries could be 
reproduced with an accuracy of only 14% under seemingly identical 
conditions, and they state that “the streaming potential has no 
constant value and is varying in time.” Hence they argue that all 
results obtained for flow potentials of aqueous solutions in glass or 
quartz capillaries must be considered to be merely qualitative 
(Rocz. Chem., 1926, 6, 641). Such a conclusion necessarily involves 
also electroendosmosis of aqueous solutions through glass powder 
or capillary tubes. 

The results now recorded, which were carried out before the work 
of Lachs and Kronman came to our notice, were the outcome of 
preliminary experiments with diaphragms of sintered Jena-glass 
powder, carried out with aqueous solutions prior to the use of such 
a diaphragm for electroendosmotic investigations in non-aqueous 
systems. 

A diaphragm of sintered glass powder possesses the advantages 
of rigidity and simplicity, i.c., no foreign material (glass wool, etc.) 
is required to keep the diaphragm in place, and the apparatus can 
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be made of the same kind of glass holding the diaphragm fused in 
position. 
EXPERIMENTAL. 


The apparatus employed was essentially that described by 
Fairbrother and Mastin (J., 1924, 125, 2319), the central compart- 
ment A (loc. cit.) being replaced by a tube carrying the sintered 
diaphragm fused into its centre, and the capillary tubes, EE, 
extended to the sides of the diaphragm. The particular glass disc 
used, of sintered Jena “‘ Geriite”’ glass, was of the closest grain 
manufactured (designated as G3/<7), and was approximately 
2cm. in diameter and 3mm. thick. It was supplied fused in position 
by the makers, Messrs. Schott u. Gen. of Jena. 

The diaphragm was cleaned first in alcohol or acetone to remove 
grease, and then in concentrated sulphuric acid. Air was removed 
from the pores by placing the tube carrying the diaphragm in a 
larger tube, and evacuating by a water pump; a small quantity of 
air-free water was then admitted to the containing vessel and 
allowed to boil under reduced pressure for some time, after which 
air-free water was allowed to fill the vessel. Before each series of 
estimations, the apparatus was well rinsed with the solution 
employed, several hundred c.c. being allowed to pass through the 
diaphragm over-night. 

The value of l/g (the ratio of the effective length of the diaphragm 
to its effective cross section) was measured with several solutions 
in the manner described by Fairbrother and Mastin (loc. cit.). 
Each estimation was repeated many times with various voltages 
across the diaphragm. The individual readings showed good 
agreement. In Table I are the average values of //q for each 
solution; they show a small increase with concentration, even in 
such comparatively well-conducting solutions. 


TABLE I. 


Solution. 1/q. Solution. L/q. 
N/100-KC1 1-723 N /100-HCl 1-758 
N/10-KCl 1-736 N/10-HCl 1-782 
N/5-KCl 1-751 N /5-HCl 1-783 
N/1-KCl 1-755 


In Table II are the results of electroendosmosis experiments with 
water and dilute hydrochloric acid. HZ (in volt-seconds) is the 
product of the potential gradient across the diaphragm and the 
time for the transport of 1 c.c. of solution. {, the potential of the 
double layer as calculated from the Helmholtz—-Smoluchowski 
formula, is also given for comparison; in making this calculation, 
a value for 1/qg of 1-77 has been assumed. 
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For some time no great difficulty was experienced in obtaining 
concordant and reproducible results, which are given as Series I. 


TABLE II. 


Series I. Series IT. 


Solution. : a (volt). ET. c (volt). 

—0-0557 14,880 —0-0169 

N /5000-HCl1 oa ( —0-0516 26,700 — 0-0094 

N /1250-HCl1 aw 36 —0-0444 43,500 —0-0058 
N /400-HCl1 —0-0394 ? 0-00 

N/100-HCl Re —0-0247 17,970 -+0-0140 

At this time, the glass was still negatively charged in N /40-hydro- 
chloric acid. During experiments with this solution, however, 
effects similar to those found by Lachs and Kronman were first 
observed, 7.e., £ became less negative with time. Repetition of 
the estimations in the solutions previously used gave the results of 
Series II, the diaphragm having in the meantime been carefully 
cleaned. ‘The results obtained in this series were also quite con- 
cordant among themselves, but £ was throughout less negative 
than in the same solution in Series I. The glass surface appears to 
have undergone some change which has the effect of rendering it 
more positive. Experiments with dilute solutions of lanthanum 
nitrate gave further indications that £ was decreasing with increase 
of time; and at the conclusion of these experiments, ¢ in distilled 
water was found to have undergone a further decrease. 

Some time previous to the foregoing experiments, the permeability 
of this particular diaphragm had been measured for the purpose of 
proving that Poiseuille’s law held good, and that the resistance of 
the bubble and connecting tubes to the flow of water was negligible 
compared with that of the diaphragm—necessary conditions for 
accurate work by our method. It was found that the diaphragm 
had a “ specific permeability ’’ at 20° of 2-10 x 10: by this term 
is meant the number of c.c. of water passing through per second 
under a head of 1 cm. of water. After the foregoing experiments, 
the permeability was redetermined, and was found to have fallen 
to 2-43 x 10-5, or about one-ninth of its former value. 

The permeability estimations were carried out by allowing boiled 
distilled water, under a head of about 80 cm. (measured by a catheto- 
meter), to flow through the diaphragm and escape by a small tube 
into a tared weighing bottle. The estimations were performed in a 
room the temperature of which remained practically constant during 
an estimation. The temperature of the water was further observed 
in the proximity of the diaphragm, and the permeability corrected 
for changes in viscosity and density to 20°. Great care was taken 
to ensure the absence of grease or suspended impurities in the water. 


ELECTROENDOSMOSIS OF AQUEOUS SOLUTIONS, ETC. 1587 


Continued passage of water through the diaphragm brought about a 
still further decrease of permeability. After the diaphragm had been 
soaked over-night in pure concentrated nitric acid, the permeability 
rose to 2-038 x 10-4, which is approximately the same as that found 
originally. Subsequent passage of water again effected a decrease 
in the permeability, rapidly at first, and then more slowly. 

It was observed that the permeability decreased at a greater rate 
if the water were passed through than if it were allowed merely to 
remain in the diaphragm. A determination of the electroendosmosis 
in distilled water, immediately after the diaphragm had been 
treated with nitric acid, gave £ = — 0-0557 volt, which is the same 
as that initially found. This, however, was only a temporary value, 
and subsequent estimations in dilute hydrochloric acid agreed more 
nearly with Series IT. 

The decrease in permeability on passage of water was confirmed 
with other diaphragms. In one case, where the porous plug was 
of the same kind as that used above, but 5 mm. instead of 3 mm. 
thick, even consecutive estimations showed a decrease, and in 
4—5 hours the permeability fell from 1-746 x 10-5 to 0-574 x 10°. 
Another plug of the same porosity, 3 cm. diam. and 3 mm. thick, 
was attached directly to the receiver of a conductivity-water still : 
passage of about 3 litres of water, over a period of a week, reduced 
the permeability to half its initial value. 

In these latter cases the change appears to have taken place 
much more quickly than with the apparently similar filter disc 
used in the first set of experiments. This may be partly accounted 
for by the fact that the first disc had been heated and annealed 
more than the others, during the process of forming ground joints 
on the tube which contained it. In the case of this diaphragm also, 
it would almost appear that there was an initial period during which 
no appreciable change took place. 


Discussion. 


The foregoing results suggest strongly that the glass surface has 
undergone a swelling process. Haber and Klemensiewicz (Z. 
physikal. Chem., 1909, 67, 385) postulate the existence of a swollen 
layer on the surface of the glass in explaining their observations 
with the glass electrode, and Lachs and Kronman (loc. cit.) suggest 
that their results are probably due to a swelling process which 
advances with time. 

A simple decrease in the effective size of the pores of the 
diaphragm, although explaining a decrease in the amount of electro- 
endosmosis, and hence in the (negative) value of the interfacial 
potential (when this is calculated on the assumption of a too small 
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value of //q), would not in itself bring about a reversal in the direction 
of electroendosmosis. We must therefore conclude, either that 
the swelling of the surface layer is accompanied by a change which 
has the effect of imparting a positive charge to the diaphragm, or 
that the distribution of potential within the swollen layer is such 
as to cause a reversal of sign in certain solutions, e.g., N /100-hydro- 
chloric acid. Lachs and Kronman attribute the decrease of £, due to 
the thickening of the wall layer by swelling, to a shifting of the line 
along which displacement occurs (Fig. 1, A and B). 

If, however, the course of the potential should be as in Fig. 2, 
as suggested by Freundlich (“ Kapillarchemie,”’ 1922, p. 342) in 
order to explain the difference in sign between thermodynamic and 
electrokinetic potentials, then we might obtain a reversal of direction 
of electroendosmosis by a thickening of the wall layer. 


Fie. 1. Fia. 2. 
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The present work therefore supports the conclusion of Lachs and 
Kronman, that the interfacial equilibrium between glass and 
aqueous solutions is not a true one, but one which changes with 
time. Since, however, the change in the surface may, with suitable 
material, take place relatively slowly, this change does not neces- 
sarily invalidate experiments carried out on the effects of ions of 
different kinds on the interfacial potential. It is to be expected, 
for example, that the change will occur more slowly with the Jena 
“ Geriite ” glass used in the present work than with the ordinary 
Thuringian glass used by Lachs and Kronman. 

We also passed considerable quantities of alcohol and of benzene 
through the dried diaphragm, without observing any change in the 
permeability to these liquids. Such a diaphragm, therefore, can 
probably be used successfully for quantitative experiments in 
non-aqueous liquids. 
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Summary. 


(1) Electroendosmosis experiments have been carried out with 
a diaphragm of sintered Jena “‘ Geriite ’’ glass powder in water and 
in dilute hydrochloric acid. 

(2) The amount of electroendosmosis decreased after a time, and 
in N/100-hydrochloric acid it became reversed in direction. 

(3) Experiments were also carried out on the permeability of 
the diaphragm to water. This also decreased with the time during 
which water was passed through the diaphragm. 

(4) It is suggested that these results indicate that the glass surface 
undergoes a swelling process, and, further, that the distribution of 
potential within the swollen layer may account for the reversal of 
direction. 


In conclusion, we should like to thank Mr. C. E. Marshall, who 
carried out a number of preliminary measurements, and to acknow- 
ledge our indebtedness to the Chemical Society Research Fund and 
the Brunner—Mond Research Grant to this Department, which have 
partly defrayed the cost of this werk. One of us (H. V.) also 
desires to thank the Department of Scientific and Industrial 
Research for a maintenance grant during its prosecution. 
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CCX.—Strychnine and Brucine. Part IV. 


By GrorcE Roger CLemMo, WILLIAM HENRY PERKIN, junr., and 
ROBERT ROBINSON. 


THE present communication contains the description of part of a 
general investigation into the reduction products of strychnine, 
C,,H,.0,N,, and is mainly concerned with the examination of 
strychnidine, C,,H,,ON,. It also includes a short account of 
experiments which we have carried out on the decomposition of 
methylstrychnine under various conditions. 

Our knowledge of the reduction products of strychnine is due 
almost entirely to Tafel, who in 1892 (Annalen, 268, 235, 245) 
published the results of an important investigation on the reduction 
of this substance with hydriodic acid in the presence of phosphorus. 
He showed that strychnine, under these conditions, is converted 
into deoxystrychnine, C,,H,,ON,, by the addition of six atoms of 
hydrogen and elimination of water. This important substance 
Yields, on hydrolysis, deoxystrychnic acid, C,,H,,0,N,, which, 
on treatment with acids, is again converted into deoxystrychnine. 
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It is clear, therefore, that it still contains the group —CO-N—, so 
characteristic of strychnine, and that it is the second oxygen atom 
in the molecule which has taken part in the reduction. In a subse- 
quent paper (Annalen, 1898, 301, 285), Tafel describes the reduction 
of deoxystrychnine (i) to strychnoline, C,,H,,N,, by treatment 
with sodium and isoamyl alcohol and (ii) to dihydrostrychnoline, 
C,,H.,N;, by electrolytic reduction. Tafel also examined the 
products of the electrolytic reduction of strychnine itself, and showed 
that this substance is converted, under the conditions he employed, 
into a mixture of strychnidine, C,,H,,ON,, and tetrahydro- 
strychnine, C,,H,,0,N,. Since the latter is converted into the former 
by dehydrating agents, he suggested that the relationship between 
these substances is probably that represented by the scheme : 


CH, , 
(CypHy0)(N)<* (CypHa0)(N) <p? ti 


Strychnidine. Tetrahydrostrychnine. 


In the course of an inquiry into the properties of strychnidine, 
we have much simplified the preparation of this substance and its 
separation from tetrahydrostrychniné (p. 1600), and we have thus 
been able to prepare, in a comparatively simple manner, both of 
these substances in considerable quantities. The results of an 
investigation into the properties and decompositions of tetrahydro- 
strychnine, which are of considerable interest, will form the 
subject of a later communication. The starting point in the 
experiments described in the present communication has been 
strychnidine methosulphate, C,,H,,ON,,Me,SO,, which has been 
obtained (i) by the direct union of strychnidine with methyl sulphate 
and (ii) from strychnine methosulphate by electrolytic reduction, 
and from which a number of simple derivatives such as the metho- 
bromide, methochloride, and methiodide have been conveniently 
prepared. 

From the fact that these two methods give rise to identical 
substances, it is evident that the nitrogen atom which is methylated 
in the course of the formation of strychnidine methosulphate is not 
that which occurs in the amide group of strychnine. Strychnidine 


CH 
methosulphate is therefore CygH.0(iNMe)<y 2} SO,Me. When 


strychnidine methosulphate is digested with methyl-alcoholic 
potash it is converted into methoxymethyldihydrostrychnidine, 
C.3H3,0,N,, m. p. 126°, which crystallises splendidly in prisms, the 
interesting peculiarities of which have been examined by Dr. T. V. 
Barker (see p. 1602). This substance, produced from strychnidine 
by the introduction of a methyl group and addition of methyl 
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alcohol, is a mono-acid base yielding a hydriodide, C,;H3,0,N.,HI, 
and a methiodide, C.,H3,0,N.,Mel, and the latter is converted by 
silver hydroxide into the methohydroxide, C.3H3)0,.N.,MeOH, m. p. 
117°. Like strychnidine, but unlike strychnine, these substances 
give each an intense crimson coloration when a drop of dichromate 
is added to its solution in dilute sulphuric acid, and this and other 
reactions (see below) suggest that the further methylation of 
methoxymethyldihydrostrychnidine again occurs at that nitrogen 
atom which is responsible for the basic properties of strychnine. 
The conclusion appears inevitable that methoxymethyldihydro- 
strychnidine and its methiodide should be represented by the 
expressions 


H CH 
CypHaq0(OMe)(:NMe) <r ? and CopH,,0(OMe)(:NMe,)<r a} 


respectively. 

The simplest conceivable formulation of the decomposition of 
strychnidine methosulphate by means of methyl-alcoholic potassium 
hydroxide is in accordance with the scheme : 


/ ' 


It is, however, by no means certain that the groups C.,H,.0 of 
strychnidine and of methoxymethyldihydrostrychnidine are identi- 
cal. Indeed the reconstitution of the quaternary salts with loss 
of methyl alcohol leads, as shown below, not to methylstrychni- 
dinium salts, but to an isomeric series. 

A curious property of methoxymethyldihydrostrychnidine is the 
fact that, while the direct action of methyl iodide yields the meth- 
iodide just mentioned, an entirely different result is obtained when 
methyl iodide acts on the methyl-alcoholic solution of the base. 
In these circumstances, two oxymethoxymethyldihydrostrychnidines, 
CysH390,N,, namely (A), m. p. 235°, and (B), m. p. 270°, are pro- 
duced ; the former is convertible into the latter in a variety of ways, 
for example, by merely boiling with xylene. The investigation 
Into the constitutions of these substances and the significance of 
these curious changes has not yet been completed. 

Although methoxymethyldihydrostrychnidine combines with 
methyl sulphate with difficulty and is only gradually converted into 
the monomethosulphate under ordinary conditions, it is remarkable 
that it yields a substance, C,3H,,0,N,,2Me,SO,, evidently a mixture 
of two dimethosul phates (A) and (B), when its solution in dry benzene 
s boiled with methyl sulphate for several hours; of these, only the 
one (A) and its derivatives have so far been obtained in a pure 
condition. When sodium iodide is added to the aqueous solution of 


4 
YoAig so. and MeO}K —> SC(OMe), Xi and SO,Me}K. 
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the mixed dimethosulphates, the dimethiodide (A), C.3H3,0,N,,2Mel, 
m. p. 297° (decomp.), is precipitated and readily obtained pure. 
The dimethochloride (A), Co3Hg90.N,,2MeCl,3H,0, obtained from 
the dimethiodide by the action of silver chloride, crystallises from 
water in glistening prisms and is decomposed by boiling with 
methyl-alcoholic* potash with loss of two molecules of methyl 
chloride and regeneration of methoxymethyldihydrostrychnidine. 
It is evident that the dimethochloride must have the formula 


CypH,0(OMe)(NMe,) <n} Cl, 


and since, on decomposition as just described, each nitrogen atom 
loses a methyl group in the form of methyl alcohol and no rings are 
broken, it is apparent that the heterocyclic ring system of methoxy- 
methyldihydrostrychnidine is one possessing quite unusual stability. 
When, however, the dry dimethochloride (A) is heated, it loses two 
molecules of methyl chloride and methyl alcohol and yields methy/- 
y-strychnidine (see below). Methoxymethyldihydrostrychnidine, 
dissolved in dilute methyl-alcoholic potash, is readily oxidised by 
hydrogen peroxide with the formation of methoxymethylstrychnidonic 
acid, C,,H,,0;N,, a gum which is evidently an amino-acid, because, 
on slow evaporation of its aqueous solution, it is converted into 
anhydromethoxymethylstrychnidonic acid, C,,H,,0,N>, which crystall- 
ises well from alcohol and melts at 222°. 

The further investigation of this interesting substance is in 
progress. 

Ethoxymethyldihydrostrychnidine.—In order to determine whether 
a process similar to the formation of methoxymethyldihydro- 
strychnidine would occur if ethyl alcohol were substituted for the 
methyl alcohol used in the preparation of this substance, strychni- 
dine methosulphate was digested with ethyl-alcoholic potash; 4 
substance was then obtained which melted at about 98° and proved 
to be ethoxymethyldihydrostrychnidine, C,,H,,0,N,. This sub- 
stance differs from the corresponding methoxy-derivative in the 
absence of the facility for crystallisation so remarkable in the latter 
and also in its greater instability on exposure to the air, whereby 
it rapidly becomes dark purple; it was therefore not further 
investigated. - ; 

Methyl--strychnidine, C,.H,,ON,.—This interesting base 1 
obtained when methoxymethyldihydrostrychnidine dimethochloride 
(see above) is heated and also by heating methylneostrychnidinium 
chloride (A) or (B) (see p. 1593). It melts at 203—204° and 
forms well-defined salts, of which the hydriodide, C..H,,ON>,HI, 1 
characteristic. 

The methiodide, C.,H,,ON.,Mel, produced by the direct com- 
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bination of the base with methyl iodide, also crystallises well, and 
is converted by silver chloride into the corresponding methochloride, 
which decomposes on heating into methyl chloride and the base. 
Methyl-y-strychnidine is not changed by electrolytic reduction, but 
is readily and almost quantitatively oxidised by permanganate to 
strychnidone, C,,H,,0;N,, an atom of carbon being lost during the 
process. This substance crystallises well, melts at 152°, and yields 
a monoxime, C,,H,;0,N5, and a disemicarbazone, C,H 03N¢; 
it is characterised by being remarkably resistant.to further oxidation 
by permanganate. When it is boiled with methyl-alcoholic potash, 
it is converted into an isomeride, allo-strychnidone, m. p. 260—265°, 
which is no longer capable of combining either with hydroxylamine 
or with semicarbazide. 

The Methylneostrychnidinium Salts (A) and (B).—When methoxy- 
methyldihydrostrychnidine is boiled with dilute sulphuric acid, 
methyl alcohol is eliminated and a solution is obtained which 
evidently contains the quaternary methylneostrychnidinium sulphates 
(A) and (B), and this solution does not give any precipitate on the 
addition of ammonia or caustic potash. On adding excess of 
sodium iodide, methylneostrychnidinium iodide (A) is precipitated, 
the isomeride (B) remaining in solution. The iodide (A) crystallises 
well from water, melts at about 300° (decomp.), and is converted 
by silver chloride into methylneostrychnidinium chloride (A), 
C,.H,,ON,C1,3H,O, which separates from water in splendid, glisten- 
ing, prismatic auaiiin, for the description and measurement of which 
(p. 1612) we are indebted to Dr. T. V. Barker. When this chloride 
. is digested with methyl-alcoholic potash, it adds on methyl alcohol 
with the formation of methoxymethyldihydrostrychnidine (m. p. 
126°), but if the dry chloride is heated it loses hydrogen chloride, and 
methyl-y-strychnidine (m. p. 203°) remains in an almost pure 
condition. Methylneostrychnidinium iodide (B), C.H,,ON,I, is 
obtained when the mother-liquor from the separation of the isomeride 
(A, see above) containing sodium iodide is mixed with much 50% 
aqueous potassium hydroxide. This substance separates from 
acetone as a sandy, crystalline precipitate, m. p. 277° (decomp.), 
and is converted by silver chloride into methylneostrychnidinium 
chloride (B), Co9H,,ON,C1,H,O, m. p. 255° (decomp.), which, unlike 
the isomeride (A), exhibits little facility for crystallising. When 
it is digested with methyl-alcoholic potash, it is converted into 
methoxymethyldihydrostrychnidine and, on heating in a test-tube, 
it yields methyl-y-strychnidine. This reaction shows that the 


latter base may be represented by the formula CH O(NMe)< EM, 


but the elimination of methyl alcohol may not be a simple process 
3H 
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involving the formation of a double bond. The difficulty is that 
methyl-y-strychnidine is unchanged by electrolytic reduction, 
whereas methoxymethyldihydrostrychnidine yields a dihydro- 
derivative under similar conditions. 

Methoxymethyltetrahydrosirychnidine, Cy3H3,0,N,.—This _ sub- 
stance is obtained when methoxymethyldihydrostrychnidine is 
reduced electrolytically ; it melts at 220° and is characterised by the 
facility with which it crystallises, separating, for example, from 
xylene in brilliant prisms. Considered as a strong base, it is mono- 
acid and yields a hydriodide, C,,H3,0,N,,HI, and a methiodide (a), 
C.3H90.N>,Mel, m. p. 227°, both of which crystallise well. The 
methochloride (a), prepared from the methiodide (a) with silver 
chloride, is a readily soluble, waxy, crystalline substance which is 
decomposed by boiling methyl-alcoholic potash with elimination 
of methyl chloride and separation of methoxymethyltetrahydro- 
strychnidine. When this base is boiled with dry benzene and 
excess of methyl sulphate for 20 hours, it yields a horny mass, 
which is a mixture of the two dimethosulphates (A) and (B), and the 
benzene solution gradually deposits crystals of the dimethosulphate 
(A). The horny mass, dissolved in water, yields on the addition 
of sodium iodide the dimethiodide (A), m. p. 315° (efferv.), the iso- 
meride (B) remaining in solution. From the dimethiodide (A) the 
dimethochloride (A) was prepared with the aid of silver chloride as 
an indefinite crystalline mass which, when heated, loses two mole- 
cules of methyl chloride and methyl alcohol and yields methyl- 
~-dihydrostrychnidine, C,.H,,ON., m. p. 212° (compare p. 1596). 

Methoxymethylietrahydrostrychnidine dimethiodide (B) is precipit- 
ated from the mother-liquors of (A), containing sodium iodide, by 
the addition of a large excess of caustic potash (50°) and separates 
from alcohol in prisms. This dimethiodide (B) melts at 165°, and 
at about 230° loses both molecules of methy] iodide with regeneration 
of methoxymethyltetrahydrostrychnidine. If, however, the di- 
methiodide (B) is boiled with mesitylene, only one molecule of methyl 
iodide escapes, and a methiodide (b) of methoxymethyltetrahydro- 
strychnidine separates which has m. p. 325° (decomp.) and is 
isomeric with the methiodide (a) produced by the direct combination 
of the base with methyl iodide (see above). The methiodide (b), 
on heating at 250°, loses methyl iodide with formation of methoxy- 
methyltetrahydrostrychnidine. The dimethochloride (B) obtained 
from the dimethiodide (B, m. p. 165°) by the action of silver chloride 
is a horny mass which, when heated in a test-tube, behaves differ- 
ently from the dimethochloride (A) (see above), since it decomposes 
simply into methyl chloride and methoxymethyltetrahydrostrychni- 
dine. 


STRYCHNINE AND BRUCINE. PART IV. 1595 


The most probable explanation of the isomerism of the dimetho- 
salts of the series (A) and (B) is that they are stereoisomerides 


corresponding to the formula C,,H,,0(OMe )(NMe,) <4 02 \ I,, since 


it is clear that the formation of the di-quaternary salts involves the 
appearance of a new asymmetric nitrogen atom. The reactions of 
the methiodides (a) and (6) show, however, that they are structurally 
different, and it will be convenient at this stage to mention briefly 
the methods and arguments which we employ -in this and similar 
cases; some aspects of the matter are also discussed in the following 
communication (see p. 1633). The presence of an aromatic nucleus 
bearing the -N-CO- group is the cause of important reactions, many 
of which were first observed by Tafel. The dichromate reaction 
(bluish-violet to reddish-violet) in moderately concentrated sulphuric 
acid solution is characteristic of strychnine; it is not given by 
strychnidine or its derivatives. On the other hand, these give a 
crimson coloration when a little potassium dichromate is added to 
their solutions in dilute sulphuric acid. Closely allied to this is the 
crimson colour developed in dilute hydrochloric acid solutions 
of strychnidine derivatives on the addition of ferric chloride. With 
strychnine, this reaction is completely negative. Finally, strychni- 
dine derivatives, but not strychnine, couple with diazonium salts 
to give characteristic azo-compounds. In this connexion, we have 
‘usually employed diazobenzenesulphonic acid as the reagent, and 
the alkaline or neutral solutions are then yellow or orange, becoming 
bluish-red on the addition of a mineral acid. Incidentally it may 
be mentioned that Tafel’s view of the nature of methylstrychnine 
receives support from the circumstance that this substance couples 
readily with diazobenzenesulphonic acid. The behaviour of strych- 
nidine derivatives in these reactions is very much influenced by the 
concentration of acid in the solution, and this again harmonises 
with the view that we are observing the reactions of a tertiary 
aromatic amine. Thus in strong hydrochloric acid solution 
strychnidine does not form azo-compounds and is not affected by 
ferric chloride. In the latter case, the red colour appears on dilution 
of the solution, and many strychnidine and brucidine derivatives 
show a similar behaviour. Tetrahydrostrychnine fails to exhibit 
these colour reactions at a smaller acid concentration than is 
hecessary to inhibit the strychnidine reactions, whilst, in connexion 
with other work not described in this communication, strychnidine 
derivatives have been obtained which only exhibit the ferric chloride 
teaction in very dilute hydrochloric acid solution and will not 
couple with diazo-salts in acid solution unless an excess of sodium 
acetate is introduced. Analogies with the already ascertained 
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behaviour of aromatic amines suggest that when, for example, 
strychnidine is dissolved in hydrochloric acid of such a strength that 
the ferric chloride reaction fails, the explanation is that the base is 
present in the solution as the dihydrochloride. We already know 
(see above) that the nitrogen atom not joined to the aromatic 
nucleus is the more basic of the two which are present in the molecule. 
Important confirmation of this view is derived from the fact that 
without exception the dimetho-salts of strychnidine derivatives do 
not couple with diazonium salts and do not give the ferric chloride 
reaction. Reverting to the question of the constitutions of the 
methiodides (a) and (b) of methoxymethyltetrahydrostrychnidine, 
it is clear that we might expect one of these, that which contains a 
quaternary ammonium group attached to the benzene ring, to give 
negative results in the colour tests. Actually, after conversion into 
methochloride, the methiodide (A) couples easily with diazobenzene- 
sulphonic acid and exhibits a good ferric chloride reaction. ‘The 
behaviour of the salt is closely similar to that of the parent base. 
On the other hand, the methochloride from the methiodide (b) did 
not give entirely negative results in the tests, but the colours were 
developed much more slowly and did not reach the intensity 
observed in the case of the (a) salt. We conclude that the meth- 


iodide (a) is CygHp,0(OMe)(NMe,)<e "2H, whilst the methiodide 


(6), which may not be entirely homogeneous, is 
. H, 
CypHp,0(OMe)(‘NMe)<f 2 \ I. 


It is shown in the following communication that the corresponding 
brucidine derivatives behave differently. 

Methyl--dihydrostrychnidine, obtained either from methoxy- 
methyltetrahydrostrychnidine dimethochloride (A) or from methyl- 
neodihydrostrychnidinium chloride (see below) by heating, melts at 
212° and yields a methiodide, C.,H,gON,,Mel, m. p. 335° (decomp.); 
the corresponding methochloride decomposed on heating, yielding a 
black syrup from which nothing definite could be isolated. Methyl- 


y-dihydrostrychnidine is clearly CygHay0(2NMe) <2, but it is not 


yet certain that it is the dihydro-derivative of methyl-y-strychnidine. 
Further evidence on this point is at present being sought. 

The Methylneodihydrostrychnidinium Salts —As explained in the 
experimental section, these salts could not be directly obtained 
from methoxymethyltetrahydrostrychnidine, because this substance, 
in contrast to the methoxydihydro-base, is not decomposed by 
boiling with dilute sulphuric acid. The hydriodide of the methoxy- 
tetrahydro-base decomposes, however, on heating, yielding methyl 
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alcohol and methylneodihydrostrychnidinium iodide, m. p. 350° 
(efferv.), the hot aqueous solution of which gives no precipitate with 
aqueous potassium hydroxide. 

On treatment with silver chloride, this yields methylneodihydro- 
strychnidinium chloride, which, on heating, is decomposed into 
hydrogen chloride and methyl-y-dihydrostrychnidine (m. p. 212°). 

Methylstrychnine, C,.H,,0,N,,4H,O.—This substance was first 
prepared by Tafel (Ber., 1890, 23, 2732), who obtained it from 
strychnine methiodide by decomposition with silver sulphate, 
followed by removal of the sulphuric acid by baryta and concentra- 
tion of the filtrate; as the result of an extended examination 
(Annalen, 1891, 264, 62), Tafel concluded that the formation of this 
substance from strychnine was best represented by the scheme : 


NMe NMe 
Y SOH 4 ~OH _7NMe 
—CO —-> (C,,H..0)—CO-OH > (C,,H,.0\* O * 
NG > (Cop Hy X —> (Cao OS = 


(CagH.20) 
CO 


~ 
N NH NH 
Methylstrychninium hydroxide. Methylstrychnine. 


We have found that methylstrychnine may be obtained directly by 
simply mixing a solution of strychnine methosulphate with caustic 


potash, and it has therefore become an easily accessible substance. 
During an examination of methylstrychnine we observed that it 
decomposed, on heating under reduced pressure, with elimination 
of methyl alcohol and formation of a substance, C,,H,.O,No, 
isomeric with strychnine, for which we suggest the name normethyl- 
strychnine. This base has not yet been obtained in a crystalline 
condition, but it yields a methiodide, C,,H,.0,N.,MelI, m. p. 315° 
(decomp.), and a methochloride, both of which are crystalline. When 
methylstrychnine, mixed with methyl-alcoholic potassium hydr- 
oxide, is heated gradually to 250°, a considerable quantity of 
indole is formed, and after this has been removed by steam dis- 
tillation, the residue, on heating with soda-lime, yields a further 
amount of indole and also a small quantity of carbazole. Methyl- 
strychnine is decomposed by heating with soda-lime, with the 
formation of a base, C,9H,,N, b. p. 93°/25 mm., which yields a 
picrate, m. p. 168°, and appears to be an ethylindole; carbazole is 
also produced in small quantity during this decomposition. The 
electrolytic reduction of a solution of methylstrychnine in dilute 
sulphuric acid is described on p. 1626. After removal of the sulphuric 
acid by barium carbonate, the crystalline methylstrychnidinium 

* In accordance with our present-day conceptions regarding the nature of 


betaines, methylstrychnine is a dipole and it is no longer necessary to assume 
Propinquity of the groups -CO, and iNMe. 
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hydrogen carbonate, Cy,H,,ON,,HCO;,H,O, is obtained, and this is 
decomposed by boiling methyl-alcoholic potash, yielding methoxy- 
methyldihydrostrychnidine (m. p. 126°). On treatment with acids 
the carbonate yields the same strychnidine metho-salts as are 
obtained from strychnidine mothooulghete by decomposition with 
sodium iodide and other salts. 

Whilst it is clearly possible to develop arguments bearing on the 
structure of strychnine and brucine from the new facts brought to 
light in this and the following investigation, we prefer to postpone 
such theoretical deductions until further experimental data are 
available. The annexed table illustrates the more important 
relationships described in this memoir. 


EXPERIMENTAL. 


Strychnine Methosulphate, C,,H,.0,N.,Me,SO,.—Finely powdered 
strychnine (50 g.) is mixed with methyl alcohol (250 c.c.), and 
freshly distilled methyl sulphate (50 g.) added with shaking; the 
base then dissolves completely and the temperature rises about 17° 
The methosulphate, whick soon begins to separate, is collected after 
24 hours, washed twice with a little methyl alcohol, and dried on the 
steam-bath (yield, 60 g.). The substance discolours at 270—280° 
and decomposes with effervescence at about 282°. It is very 
soluble in hot water and separates, on cooling, in quadrilateral 
plates ; it also dissolves readily in hot methyl alcohol and crystallises 
therefrom in groups of glistening needles. The solution in sulphuric 
acid (60% by vol.) gives with dichromate an intense purple 
colour, changing to brown (Found: C, 59-7; H, 6-0; N, 63. 
C,;H.0,N,,Me,SO, requires C, 60-0; H, 6-1; N, 6-1%). 

Strychnine Methobromide.—When concentrated aqueous solutions 
of the methosulphate and sodium bromide are mixed, the metho- 
bromide separates immediately. It is readily soluble in hot water, 
from which it crystallises as a voluminous mass of glistening needles ; 
it discolours at 300° and melts at about 320° (efferv.) (Found in 
material dried at 110°: C, 61:3; H, 5-9. C,,H,.0O,N,,MeBr 
requires C, 61-5; H, 5-8%). 

The aqueous solution of the methosulphate gives with sodium 
iodide an immediate precipitate of strychnine methiodide, which 
separates from much water in glistening, pearly cubes, darkens at 
300°, and effervesces at about 320° (compare Stahlschmidt, Pogg. 
Ann., 1859, 108, 513; Tafel, Ber., 1890, 23, 2733). 

Strychnidine and T etrahydrostrychnine.—The following process for 
the preparation and separation of these substances is a considerable 


oe on that recommended by Tafel (Annalen, 1898, 301, 
03, 316). 
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Strychnine (150 g.), dissolved in sulphuric acid (900 g.) and water 
(600 c.c.), was placed in the cathode chamber of the electrolytic 
reduction apparatus described in Part II of this research (J., 1924, 
125, 1798) and reduced for 16 hours at 18° by a current of 5 amps. 
The product was diluted with ice, filtered, made alkaline with a 
large excess of concentrated caustic soda solution, and the resulting 
granular precipitate was collected, washed well with water, and dried 
on the steam-bath. The mixture was then extracted with boiling 
alcohol (1 litre) and quickly filtered; on cooling, a crystalline 
precipitate separated (34 g.); from the concentrated mother-liquor, 
a further 20 g. was obtained. 

This colourless crystalline mass, which, after drying at 100° 
had m. p. 183—185°, was recrystallised from benzene (700 c.c.); 
the nearly colourless crystals which separated (36 g.) melted at 202° 
and proved to be pure tetrahydrostrychnine (Found: C, 74:5; 
H, 7-7. C,,H,,0,.N, requires C, 74:5; H, 7-7%). The benzene 
mother-liquor was evaporated to dryness, and the residue, on 
crystallisation from alcohol, yielded a voluminous mass of white 
needles (17 g.), m. p. 244—-245°. The residue from the first alcoholic 
extract, crystallised from alcohol, in which it was sparingly soluble, 
gave, after the mother-liquors had been worked up, a further quantity 
(53 g.) of the same substance, m. p. 248—245°. The two portions 
were mixed and crystallised from alcohol, pure strychnidine, m. p. 
246°, being readily obtained. 

Strychnidine Hydriodide-——When strychnidine is shaken with 
dilute sulphuric acid, a crystalline mass of the sulphate results, and, 
if this is dissolved in hot water and sodium iodide added, a volumin- 
ous mass of needles separates. This is collected, washed, dried, 
and recrystallised from boiling alcohol, in which the hydriodide is 
sparingly soluble, crystallising in stars of glistening needles (Found : 
C, 56-6; H, 5-6. C,,H,,ON,,HI requires C, 56-3; H, 5-6%). This 
hydriodide is sparingly soluble in boiling water and the solution 
gives an immediate precipitate with ammonia. It discolours at 
275—280°, is nearly black at 290°, and decomposes at about 305° 
to a black froth. 

Strychnidine Methosulphate-—This substance has been prepared 
in two ways : (i) by direct union and (ii) by the electrolytic reduction 
of strychnine methosulphate. 

(i). Strychnidine (40 g.) is mixed with methyl alcohol (250 c.c.), 
freshly distilled methyl sulphate (40 g.) added, and the whole shaken 
and warmed at 40—50°; all passes into solution and suddenly 
the methosulphate commences to separate. After 12 hours, the 
precipitate is collected, washed with a little methyl alcohol, and 
recrystallised from this solvent (Found in material dried at 
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100°: C, 61-2; H, 66. C,,H,,ON,,Me,SO, requires C, 61-8; 
H, 6:7%). 

(ii). Strychnine methosulphate (10 g.), dissolved in sulphuric 
acid (100 c.c. of 30% by vol.), is reduced in the usual electrolytic 
cell (p. 1600) by a current of 5 amps. for 16 hours. The clear, almost 
colourless solution is diluted with water, boiled with excess of 
barium carbonate, and filtered, and the filtrate and washings are 
concentrated to a small bulk; the mass of crystals that gradually 
separates is crystallised from methyl alcohol (Found in material 
dried at 100°: C, 61-6; H, 6-9; N, 64%). 

The identity of the methosulphates produced in (i) and (ii) 
was shown (1) by conversion into identical methobromides and 
methiodides, and (2) by both yielding methoxymethyldihydro- 
strychnidine (m. p. 126°) by the action of methyl-alcoholic potash 
(p. 1602). 

The methobromide is prepared by mixing a warm, saturated solu- 
tion of strychnidine methosulphate with sodium bromide; the clear 
solution slowly deposits a woolly mass of needles, which is washed 
with water containing a trace of sulphurous acid and dried at 100°. 
The substance does not melt at 300° (Found: C, 63-9; H, 6-5. 
C,,H,,ON,,MeBr requires C, 63-6; H, 6-5%). 

The methiodide separates as a voluminous mass of needles when 
sodium iodide is added to a hot aqueous solution of the metho- 
sulphate; on boiling, a clear solution is obtained from which the 
methiodide separates as a woolly mass of needles. This substance 
has already been described by Tafel (Annalen, 1898, 301, 314), who 
obtained it by direct union of strychnidine with methyl iodide. 
It decomposes at about 325° to a brown froth. 

The Methochloride—The methiodide just described is readily 
soluble in boiling water, and on addition of silver chloride and 
digestion on the steam-bath for an hour decomposition is complete. 
The filtrate from the silver salts, on evaporation to a small bulk, 
deposits the very readily soluble methochloride in needles. These 
are collected and dissolved in a very little hot water and the solution 
is rapidly cooled ; it sets to a jelly which gradually changes to colour- 
less needles. The substance, dried at 100°, is a horny mass which 
begins to darken at 260°, is dark brown at 300°, and decomposes with 
effervescence at 310° (Found: C, 70-8; H, 7:3. C,,H,,ON,,MeCl 
requires C, 71:1; H, 7:3%). When the dry, powdered metho- 
chloride was carefully heated in a test-tube over a free flame, a gas, 
which burnt with a green-edged flame, was given off and a con- 
siderable crystalline sublimate formed. The residual brown syrup 
crystallised in contact with methyl alcohol, separated from this 
solvent in needles, melted at 248—250°, and proved to be strychni- 

3H2 
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dine (Found: C, 78-2; H, 7:6%), but, owing to considerable 
decomposition, the yield was a small one. 


Methoxymethyldihydrostrychnidine. 


Strychnidine methosulphate (20 g.) is mixed with methyl- 
alcoholic potash (120 c.c. of 25%) and heated in an open flask in a 
rapidly boiling water-bath; the clear solution gradually clouds and, 
after 30 minutes, the well-cooled viscid product gives, on dilution 
with ice and water (600 c.c.), a caseous precipitate, which is washed 
well and allowed to dry on porous porcelain at the ordinary tem- 
perature. The nearly colourless mass, which melts at about 115— 
119° and is pure enough for many purposes, is rather readily soluble 
in boiling methyl alcohol, and separates, on slowly cooling, in highly 
characteristic, large, glistening, pale purple prisms. For reasons 
explained on p. 1603, it is advisable to dissolve the substance as 

rapidly as possible in the 
methyl alcohol and cool 
the filtered solution 
quickly by shaking it in 
a corked flask in contact 
with ice and water ; after 
being washed with a 
little methyl alcohol, the 
crystalline meal is then 
‘p only slightly coloured 
(Found : C, 75-4; H, 8-2; 
N, 7:5; MeO, 8-2. C.,3H3,0,N, requires C, 75-4; H, 8-2; N, 7-6; MeO, 
8-4%). Methoxymethyldihydrostrychnidine melts at 125—126° and 
the crystals become pale purple when exposed to the air or more 
rapidly when heated on a watch-glass on the steam-bath. It is 
readily soluble in boiling alcohol or benzene, sparingly soluble in 
cold acetone, ether, or ligroin, and separates well in hard crusts of 
striated, pale lilac-brown prisms when ligroin is added to a boiling 
solution in benzene. 

Crystals which had separated slowly from methyl alcohol were 
kindly examined by Dr. T. V. Barker, who found them to be mono- 
clinic with the highly characteristic habit shown in Fig. 1. The 
right-hand termination consists of plane faces, whilst the other 
gradually tapers to a point in a series of curved surfaces. The 
crystals are all of one kind, the mirror-image form being no doubt 
proper to the hitherto unsynthesised enantiomeride. The forms 
developed are a(100), 6(010), c(001), g(011) and, not infrequently, 
p(1ll). The elements a:b:c = 0-7646:1:0-6864, 6 = 109° 6 


Fia. 1. 
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were computed from the following mean ‘results of measurement 
of four crystals : 


b (010) a(100) c(001) = q(011) p (ill) 
0° 0’ *70° 54’ 70° 54’ *121° 7° 
9 0 90.0 *57 2 59 29(+65) 


Optically the axial plane is b(010) with medium axial angle and 
positive double refraction. 

The salts of methoxymethyldihydrostrychnidine are very readily 
soluble and a solution of a trace of the base in dilute sulphuric acid 
gives with a drop of dichromate or concentrated nitric acid an 
intense crimson coloration, the same coloration being also produced 
when a solution in dilute hydrochloric acid is warmed with ferric 
chloride. The solution in glacial acetic acid is not precipitated by 
water and the base separates on the addition of ammonia as a 
voluminous mass resembling alumina. I'he hydriodide. When the 
base, dissolved in a slight excess of dilute sulphuric acid, is mixed 
with sodium iodide, a yellow to brown coloration rapidly develops, 
due evidently to oxidation. A nearly pure specimen of the hydr- 
iodide was obtained by adding a little sulphurous acid to a solution 
of the base in dilute sulphuric acid and then precipitating the salt with 
sodium iodide. The precipitate was rapidly collected and recrystall- 
ised from water containing sulphurous acid, separating as a colourless, 
granular powder. This was collected as rapidly as possible, washed 
with very dilute sulphurous acid, transferred to porous porcelain, 
and left over sulphuric acid in a desiccator evacuated to 1 mm. 
Even then, the substance became slightly yellow, but the salt could 
now be dried at 100° without further discoloration (Found : C, 56-1; 
H, 6-2. C,3H3,0,N.,HI requires C, 55-9; H, 63%). This hydr- 
iodide melts at 203° (decomp.). 

In the course of a large number of preparations of methoxy- 
methyldihydrostrychnidine, it was always observed that only about 
70% of the weight of the crude substance separated during the first 
crystallisation from methyl alcohol, and still less separated if the 
boiling with the solvent was prolonged. When the dark purple 
mother-liquors from several preparations were evaporated to dryness 
and the residual gum was distilled under reduced pressure, a consider- 
able amount (35 g.) passed over at about 240—260°/2 mm.; from a 
solution of this in hot methyl alcohol, crystals (5 g.) of methoxy- 
methyldihydrostrychnidine (m. p. 126°) separated. The mother- 
liquor was again distilled and the fraction 240—250°/1 mm. dissolved 
in boiling methyl alcohol; on rubbing and keeping for some days, 
nearly colourless prisms separated (6 g.) which melted at 202—203° 
after crystallisation and proved to be methyl-w-strychnidine (Found : 
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C, 78:8; H, 7:7; N, 8-5. C,.H,,ON, requires C, 79-0; H, 7-8; 
N, 8-4°%) (compare p. 1609). On redistilling the mother-liquor of 
this substance, successive quantities of methoxymethyldihydro- 
strychnidine (2 g.) and methyl--strychnidine (2-3 g.) were obtained 
and also a small quantity of a substance, m. p. 295° (decomp.), 
which is evidently oxymethoxymethyldihydrostrychnidine (Found: 
C, 72-0; H, 80; N, 7-3. C,.3H3,03N, requires C, 72-3; H, 7:8; 
N, 7-3%) (compare p. 1608). In connexion with the above observ- 
ations, it was found that methoxymethyldihydrostrychnidine may 
be distilled without loss of methyl alcohol or other decomposition, 
and passes over at 235—237°/1 mm. as a colourless syrup, which may 
set to a resin or become a mass of crystals. The crystals melt, 
without recrystallisation, at 124—126°, contain C, 75-4; H, 8-2, 
and show no depression in m. p. after admixture with a specimen 
crystallised from methyl alcohol. 

The distillation of the crude product of the action of methyl- 
alcoholic potash onstrychnidine methosulphate was then investigated, 
and it was found that this passes over almost without residue at 
about 240—250°/1 mm. and crystallises at once. This procedure 
obviates the loss attendant on the crystallisation from methyl 
alcohol, since the distilled substance is pure enough for most purposes. 

Methoxymethyldihydrostrychnidine Methiodide, C.,H3)0,.N.,Mel.— 
For reasons explained on p. 1607, this substance must be prepared 
in the absence of methyl alcohol. The base (10 g.) is heated under 
reflux with carefully purified methyl iodide (10 c.c.) and the clear 
solution in about an hour begins to deposit crystals. The mass 
(12 g.) is collected, washed with methyl iodide, and dried on the 
steam-bath; m. p. about 275—278° (decomp. ) (Found: C, 565; 
H, 6-5; I, 25-4. C,,3H,,O,N,,MeI requires C, 56-7; H, 6-5; I, 
250%). This substance does not appear to undergo change when 
it is crystallised from methy! alcohol, since the large brown prisms 
which separate melt at 278° (decomp.). It is sparingly soluble in 
cold, but readily soluble in hot, water and separates on slow cooling 
in pink, well-developed, arrow-shaped prisms. 

In view of the fact that methoxymethyldihydrobrucidine com- 
bines with 2 mols. of methyl iodide at 140° (p. 1629), methoxymethyl- 
dihydrostrychnidine (5 g.), dissolved in carefully purified methyl 
iodide (15 c.c.), was heated in a sealed tube at 130° for 7 hours; 
the purple solution, on cooling, gradually deposited a crust of purple 
crystals which, after being washed with methyl iodide, had m. p. 
265—270° (decomp.) and consisted of the monomethiodide (Found : 
C, 57-0; H, 6-4%). When this substance was crystallised from 
water and the mother-liquor allowed to stand exposed to the air, 
a crust of nodules gradually separated, which melted at 175° 


STRYCHNINE AND BRUCINE. PART IV. 1605 


(decomp.), became solid again, and then melted at about 240— 
250° (decomp.). 

This substance appears to be the methiodide crystallising with 
1 mol. H,O which is not lost at 100° (Found: C, 55-0; H, 6-3. 
Cy3H390.N,,MeI,H,O requires C, 54-7; H,6-6°%). The methyl iodide 
mother-liquors from the substance m. p. 265—270° (decomp.) gave, 
on concentration, a littke more of the same substance and then a 
crystalline crust, m. p. 235°, containing a mere trace of iodine (Found : 
C, 71-6; H, 7-7%), and this substance is evidently identical with the 
oxymethoxymethyldihydrostrychnidine described on p. 1608. 

Methoxymethyldihydrostrychnidine Methohydroxide, 

C.3H390.N.,.MeOH.— 

When the methiodide just described is heated on the steam-bath 
with water and excess of silver chloride, and the filtrate from the 
silver salts is evaporated, a syrup remains (which was not analysed) 
which doubtless contains the methochloride. Boiling methyl- 
alcoholic potash (25°) decomposes this and, on the addition of 
water, a resin separates. This is dissolved in boiling methyl alcohol, 
and the solution, after being concentrated and left in the ice-chest, 
deposits balls of colourless needles, m. p.113°; onrecrystallisation, 
the substance melts at 116—117° (Found : C, 72-4; H, 8-7; N, 6-8. 
C,,H,,0,N, requires C, 72-4; H, 8:8; N, 70%). The same sub- 
stance is formed, but less readily, when the methiodide is digested 
with methyl-alcoholic potash. The methohydroxide is very readily 
soluble in benzene, rather less readily in boiling petroleum, and 
sparingly even in boiling water. The solution in sulphuric acid 
(60% by vol.) gives with dichromate an immediate intense crimson 
colour; in dilute hydrochloric acid, ferric chloride produces an eosin 
coloration, becoming intense crimson on warming. The solution in 
dilute nitric acid (30°) is pink, becoming deeper on standing or 
warming and intense crimson and then green on boiling, and, on 
addition of ammonia, a yellow, crystalline base separates. When 
the methohydroxide is heated, it effervesces between 200° and 215°, 
yielding a brown syrup which sets to a resin on cooling and has not 
been examined. The methohydroxide dissolves readily in dilute 
hydrochloric acid and the solution gives, with sodium iodide, a gum, 
Which soon crystallises and separates from methyl alcohol in glisten- 
ing prisms of the methiodide, m. p. 278° (decomp.) (Found : C, 56-8; 
H, 66. Cale. : C, 56-7; H, 65%). 

Methoxymethyldihydrostrychnidine Dimethosulphate, 

C.3H3,0.N.,2Me,S80,, 

the Dimethiodide and the Dimethochloride——The methoxydihydro- 
base does not appear to combine with methyl sulphate when it is 
mixed with it. Interaction is very slow even when a solution of the 
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base in benzene is digested with methyl sulphate ; combination does, 
however, take place on long boiling, with formation of the dimetho- 
sulphate; in spite of careful search, it has not been found possible 
to isolate the mono-derivative. 

The dry base (10 g.), dissolved in specially dried benzene (200 c.c.), 
was mixed with methyl sulphate (15 c.c.) which had been distilled 
immediately before the experiment, and the whole was digested in a 
reflux apparatus, carefully protected from moisture; the original 
purple solution gradually became paler and, after about 2 hours, a 
resinous mass began to separate. The heating was continued for 
10 hours, the product allowed to remain over-night, and the benzene 
layer decanted from the pale lilac resin. The clear benzene solution, 
left in a corked flask, gradually deposited soft, circular nodules, and 
these were collected, rapidly washed with dry benzene, and dried 
over sulphuric acid in a vacuum desiccator. Analysis showed that 
this substance is the dimethosulphate (Found: C, 51-6; H, 6-7. 
C.7H 4.01 9N,8. requires C, 52-4; H, 6-8%). 

The Dvimethiodide (A), CogHg90,N,,2MeI.—A warm aqueous 
solution of the crude dimethosulphate gave with excess of boiling 
aqueous sodium iodide a clear solution, and on standing, warty masses 
gradually separated. After 2 days, the mass was collected, washed 
with a little water, drained on porous porcelain, and crystallised 
from methyl alcohol, from which the dimethiodide (A) separated in 
striated, glistening needles, which became opaque on the steam- 
bath; m. p. about 297° (decomp.) (Found : C, 46-0; H, 5-5; I, 39-4. 
C,;H;,0,N,I, requires C, 46-2; H, 6-5; I, 39-3%). This substance 
is very readily soluble in boiling water and appreciably soluble in 
the cold and separates as a sandy powder consisting of round, warty 
masses. The aqueous solution gives no precipitate with ammonia. 
The yield of the dimethiodide (A) precipitated from the solution 
of the dimethosulphate by sodium iodide is only 50% of that 
required by theory and there can be little doubt that the aqueous 
mother-liquor contains the dimethiodide (B) corresponding with the 
dimethiodide (B) of methoxymethyltetrahydrostrychnidine (p. 1620). 
When solid potash was added to these well-cooled mother-liquors, & 
caseous precipitate separated in large quantity, and on crystallising 
this from methyl alcohol a small amount of the dimethiodide (A) 
was obtained as a crust of small prisms. The bulk of the substance 
remained in the methyl alcohol, but all attempts to isolate the 
isomeride (B) in a pure state were unsuccessful. This was due 
partly to the presence of traces of the dimethiodide (A), but mainly 
to the ready solubility of the isomeride (B) and the small tendency 
it exhibited to crystallise in definite form. 
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The dimethochloride (A) is obtained when a hot aqueous solution 
of the dimethiodide (A) is heated on the steam-bath with excess of 
silver chloride for an hour; the filtrate from the silver salts gives, 
on evaporation, a ¢olid mass which separates from a little water in 

large, well-developed, colourless prisms resembling sugar crystals. 
The air-dried substance loses 6-6°% at 100°, and about the same 
amount when kept over phosphoric anhydride in a vacuum desiccator, 
the brilliant crystals becoming chalky (Calc. for C,,H,,0,N,Cl,,3H,O 
losing 2H,O0: H,O, 6-:9%. Found in the substance dried af 100°: 
_C, 62:0; H, 7-6; Cl, 14:3. C,;H,,0,N,Cl,,H,O requires C, 61-9; 
H, 7:8; Cl, 146%). The dry crystals give off steam at about 150° 
and melt at about 255—257° with evolution of gas and formation 
of methy]l-y-strychnidine (p. 1609). 

A solution in dilute sulphuric acid gives merely a yellow coloration 
with dichromate. The dimethochloride is very soluble in water 
or methyl alcohol, and methyl-alcoholic potash gives an immediate 
precipitate of potassium chloride; on boiling and addition of water, 
a viscid, curdy precipitate separates which gives an intense crim- 
son colour with dilute sulphuric acid and dichromate, crystallises 
from methyl alcohol in prisms, m. p. 125—126°, and proves to be 
methoxymethyldihydrostrychnidine, the yield being nearly a 
quantitative one. 

Oxymethoxymethyldihydrostrychnidines (A) and (B).—The iso- 
meride (A, m. p. 235°) is formed in small quantity when methoxy- 
methyldihydrostrychnidine is heated with methy] iodide (see p. 1605), 
but is produced much more readily and in larger quantity under the 
following conditions. The base (6 g.) dissolves in methyl alcohol 
(60 c.c.) and methyl iodide (8 c.c.) in the cold, When the solution 
is boiled under reflux for 3 hours and then kept for a week, glistening 
scales (3 g.) separate ; after boiling for 3 hours and being concentrated, 
the mother-liquor deposits a further small quantity. The crystals 
are washed with methyl alcohol containing a little ammonia to 
remove traces of iodine, and dried on the steam-bath (Found : 
C, 72:3; H, 7-9; N, 6-9; MeO, 8-6. C,,H,,0,N, containing 1MeO 
requires C, 72-3; H, 7-8; N, 7:3; MeO, 8-1%). 

Oxymethoxymethyldihydrostrychnidine (A) melts at 235° and 
dissolves with some difficulty in cold dilute hydrochloric acid. It 
is readily soluble in glacial acetic acid and is not reprecipitated by 
water. A solution in dilute sulphuric acid (60% by vol.) gives an 
intense crimson with dichromate or a drop of concentrated nitric acid ; 
@ solution in dilute hydrochloric acid gives no immediate coloration 
with ferric chloride, but, on warming, a deep crimson colour develops. 
The substance is apparently not changed when it dissolves in dilute 
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hydrochloric acid, since, if ammonia is added immediately, a 
gelatinous precipitate separates which becomes chalky on warming 
and melts at 220—225°. The substance dissolves readily on boiling 
with alcohol, semicarbazide hydrochloride, antl sodium acetate, 


and on addition of ammonia and warming, a crystalline precipitate . 


separates, m. p. 275° (decomp.), containing N, 7-7%, and is evidently 
the isomeride (B) (see below). When the dark brown mother-liquor 
of the substance (A), m. p. 235°, was evaporated to a small bulk and 
mixed with dilute ammonia, a sticky precipitate separated which 


soon became crystalline. On warming this with methyl alcohol, , 


most of it dissolved, leaving a sparingly soluble, chalky substance 
consisting of the isomeride (B); this separated from much methyl 
alcohol as a rather indefinite, crystalline powder, m. p. about 275° 
(decomp.) (Found: C, 72-0; H, 7-7; N, 7-1. C,3H 5 ,0,N, requires 
C, 72-3; H, 7-8; N, 7-3%). 

Conversion of Oxymethoxymethyldihydrostrychnidine (A) into (B).— 
This change takes place under the following conditions: (i) When 
the substance (A) was boiled with a little xylene, gradual change took 
place and a sandy, crystalline, very sparingly soluble powder was 
formed, which was washed with xylene; m. p. about 280—285° 
(decomp.) (Found: C, 73-0; H, 7-9; MeO, 7-8%). The xylene 
mother-liquor, after being concentrated, slowly developed a hard 
crust of octahedra, m. p. 285° (decomp.); (ii) when the isomeride 
(A) was boiled with alcohol for about an hour, the concentrated 
solution gradually deposited well-defined octahedra, m. p. 280° 
(decomp.), and the same result was obtained on boiling with acetone, 
the m. p. of the crystals being about 280° (decomp.). In the last 
case, analysis gave C, 72-3; H, 8-3; N, 7-3; MeO, 7-8%. 

Oxymethoxymethyldihydrostrychnidine (B) was also obtained when 
methoxymethyldihydrostrychnidine (2 g.) was boiled with nitric 
acid (5 c.c.), diluted with water (50 c.c.). The pale pink solution 
became brown, and if, after about 20 minutes, ammonia was added, 
a sticky precipitate separated which contained some unchanged 
base. On crystallising it from much alcohol and then from xylene- 
alcohol, colourless prisms were obtained, m. p. about 285° (decomp.) 
(Found: C, 72-3; H, 8-1%). The isomeride (B) was also obtained 
when methoxymethyldihydrostrychnidine (1-5 g.) was boiled with 
acetic anhydride for 10 minutes, and the solution then kept for some 
days. The crystalline crust which separated consisted of some 
unchanged base mixed with the oxy-derivative (B), and there was 
no sign of the formation of an acetyl derivative; on boiling the 
mixture with alcohol, the unchanged base dissolved and the 
isomeride (B) remained in an almost pure condition. 
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Methyl--strychnidine and the Methylneosirychnidinium Salts. 

Methyl-y-strychnidine is obtained (i) when the mother-liquors 
from the crystallisation of crude methoxymethyldihydrostrychnidine 
are distilled (p. 1603), (ii) when methylneostrychnidinium chloride is 
heated (p. 1612), and (iii) by the action of heat on methoxymethy]l- 
dihydrostrychnidine dimethochloride (A), during which this sub- 
stance loses 2 mols. of methyl chloride and methyl alcohol. The 
last decomposition is best carried out with small quantities of 
material, which must be very pure and quite free from inorganic 
matter; otherwise much tar is produced, the yield of product is 
small, and the highly coloured mass very difficult to purify. When 
the dimethochloride (1 g.) is cautiously heated in a wide test-tube 
over a free flame, a gas is given off which has a very pungent, 
particularly unpleasant smell and burns with a smoky, green-edged 
flame, and a considerable crystalline sublimate forms on the sides of 
the tube. This melts at about 195° and is nearly pure methyl- 
y-strychnidine. 

When the effervescence has ceased, the heating is discontinued ; 
the liquid product should then be only slightly coloured and should 
crystallise completely. Several such tubes are broken up and their 
contents extracted with much boiling alcohol (in which the product 
is sparingly soluble), and the solution is digested with norite for an 
hour and concentrated to a small bulk; the new substance gradually 
separates in groups of striated, pale ochre needles which become 
almost colourless after recrystallisation (Found: C, 79-0; H, 7-8; 
N, 8-6. C,.H,,ON, requires C, 79-0; H, 7-8; N, 8-4%). 

Methyl--strychnidine melts at 203—204° and appears to distil 
under reduced pressure almost without decomposition. It is very 
sparingly soluble in cold acetone and not readily on boiling; the 
solution may be concentrated and left for a considerable time 
without crystallisation setting in, and then groups of needles gradually 
form. It dissolves very readily in benzene or petroleum and 
separates very gradually from these in needles. It does not appear 
to be affected by heating with concentrated sulphuric acid on the 
steam-bath for 4 hour. 

The base is readily soluble in dilute acids. The solution in dilute 
sulphuric acid is coloured crimson by dichromate, and the same 
colour develops when the substance is dissolved in concentrated 
nitric acid. The solution in dilute hydrochloric acid gives, with 
ferric chloride, a pale pink colour which becomes deep crimson on 
warming. 

The hydriodide, C,.H,,ON.,HI, was prepared by dissolving the 
base in a slight excess of warm dilute sulphuric acid and then adding 
warm sodium iodide; on rubbing, the cloudy liquid deposited the 
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hydriodide as a voluminous mass of colourless crystals; these were 
sparingly soluble in boiling water and the solution gradually de- 
posited crusts, which melted at 265—270° with effervescence, leaving 
a black mass (Found: C, 56-8; H, 5-9. C,.H,,ON,I requires C, 
57-1; H, 5-9%). 

This hydriodide is sparingly soluble in boiling alcohol and 
separates therefrom in stars of prismatic needles. The solution in 
hot water gives with potash an immediate precipitate of the base. 

The Methiodide, C..H,g,ON,,MeIl.—When the base (2 g.) was 
mixed with methyl iodide (5 c.c.), combination took place in the 
cold with rise of temperature and formation of the methiodide. 
After warming for a few minutes and cooling in ice, the solid was 
collected and crystallised from methyl alcohol, from which the 
substance separated in almost colourless needles. These scarcely 
darken at 270° and melt at about 312° with effervescence to a dark 
brown syrup (Found: C, 57-5; H, 6-1. C,3H,,ON,I requires C, 
57-9; H, 6-1%). 

The methochloride, prepared in the usual manner by heating the 
methiodide with water and silver chloride, was obtained, when the 
solution was concentrated to a small bulk, in long, flat prisms and 
was very readily soluble. When it was heated in a test-tube, it 
gave off water and methyl chloride, and a considerable sublimate 
formed; the residue, on crystallising from methyl alcohol, gave 
methyl-y-strychnidine in almost colourless needles, m. p. 202— 
203°. 

In order to determine whether methyl-y-strychnidine could be 
reduced electrolytically, the base (2-5 g.), dissolved in dilute sulphuric 
acid (100 c.c. of 20%), was placed in the usual electrolytic cell 
(p. 1600) and a current of 4 amps. passed for 6 hours. The colourless 
solution was mixed with excess of ammonia, and the precipitate 
crystallised from methyl alcohol; colourless needles (2-2 g.) were 
then obtained which melted at 202° and at the same temperature 
in admixture with methyl-y-strychnidine. Identity was further 
established by analysis (Found: C, 79-2; H, 7:6. Cale. for 
CosH,gON,: C, 79-0; H, 7-8%). 

The Methylneostrychnidinium Salts —The solution of the methyl- 
neostrychnidinium sulphates (A) and (B) from which the other 
salts were obtained was prepared as follows: Methoxymethyldi- 
hydrostrychnidine (p. 1602; 20 g.) was dissolved in dilute sulphuric 
acid (300 c.c. of 10° by vol.) and heated to boiling in a flask fitted 
with a long, ground-in condenser. In a short time, methyl alcohol 
could be detected at the open end of the tube, and when, after 
2 hours, all of it had boiled away, a few drops of the liquid no 
longer gave a precipitate or cloudiness, due to unchanged base, 
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on being basified. The pale brown solution was made just alkaline 
with ammonia, a little sulphurous acid was added, and then a 
boiling solution of sodium iodide (25 g.). The clear solution was 
rapidly filtered and vigorously stirred; methylneostrychnidinium 
iodide (A) then separated either as a heavy, crystalline precipitate 
or sometimes as a gum which soon crystallised. On standing, a 
mass of crystals separated from the supernatant liquid. The solid 
was collected and dissolved in boiling water containing a little 
sulphurous acid and the solution was rapidly filtered ; the iodide (A) 
then separated, on standing, in characteristic, long needles. After 
recrystallisation from water (3 g. dissolve in about 75 c.c.), the 
substance was dried on the steam-bath (Found: C, 56-7; H, 6-0; I, 
26:9. C,.H,,ON,I requires C, 57-2; H, 5-9; I, 27-4%). 

This iodide (A) darkens at 295° and decomposes at about 300° 
to a black mass. It is very sparingly soluble in methyl alcohol. 
A piece of filter-paper soaked in the aqueous solution gradually 
becomes yellow and then orange on exposure to air. A hot aqueous 
solution of the iodide gives no precipitate with caustic potash 
(30%); even after heating for 4 hour on the steam-bath, the iodide 
separates unchanged on cooling. Although so sparingly soluble 
in water, it dissolves readily in cold dilute hydrochloric acid and 
in large quantities on boiling; the solution deposits, on slowly 
cooling, stars of prismatic needles of a substance which decomposes 
at 305° and is not a hydrochloride, as was expected, but consists of 
the unchanged iodide (Found: C, 57-5; H, 6-0%). 

Methylneostrychnidinium Chloride {A).—The iodide (A) was 
ground to a paste with warm water and heated on the steam-bath 
with a large excess of silver chloride for 2 hours with frequent 
shaking. The colourless filtrate and washings from the silver 
salts were concentrated to a small bulk by distillation under reduced 
pressure, and the solution was placed over sulphuric acid in a vacuum 
desiccator; the chloride then gradually separated in brilliant, 
colourless, prismatic needles. These, after being recrystallised from 
very little water and dried on porous porcelain in the air, appeared 
to contain 3H,O, since the loss on heating at 100° was 12-8% (Cale. 
for C,.H,,ON,C1,3H,0 : loss, 12°7%). When exposed over sulphuric 
acid in a vacuum desiccator, the crystals became opaque and lost 
the whole of their water of crystallisation, since there was no further 
loss at 100° (Found: C, 71-5; H, 7:3. C,.H,,ON,Cl requires 
C, 71-3; H, 7-3). The chloride (A) melts at about 270° with 
Vigorous effervescence (compare:p. 1609) and is very readily soluble 
in water; the solution, which gives no precipitate either with 
ammonia or with caustic potash, is intensely bitter. The solution 
m dilute sulphuric acid gives, with concentrated nitric acid or 
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dichromate, a yellow coloration which changes to crimson on 
warming; ferric chloride added to a solution in dilute hydrochloric 
acid gives a pale yellow colour, which changes to crimson on boiling. 

The crystals of the chloride (A) have been examined by Dr. T. V. 
Barker, who reports as follows : 

The crystals are orthorhombic (pseudo-tetragonal). The 
habit is shown in Fig. 2, the list of forms being c (001), r (010), 
and 7(011). The elements a:b :c = 0-998 : 1 : 1-828 were calculated 
from the following mean results of measurement of three crystals. 

c (001). q (011). r (010). 
0° 0 90° 0 
18 *61 21 

Optically the crystals are biaxial; birefringence, negative; axial 
angle, large; dispersion, strong; p<v. 

The chloride (A) is very soluble in cold methyl alcohol. When 

the solution is mixed with methyl- 
Hr0- 3. alcoholic potash (25%), an immediate 
precipitation of potassium chloride 
occurs; after heating in the water- 
bath for $ hour so that much methyl 
alcohol boils away, the product gives 
with water a caseous mass which 
separates from methyl alcohol in 
prisms, m. p. 125°, and consists of 
methoxymethyldihydrostrychnidine. The chloride, in quantities 
of 0-5 g., is cautiously heated in a test-tube over a free flame until 
effervescence has ceased; the pale yellow, syrupy residue solidifies 
on cooling, and separates from methy] alcohol in needles, m. p. 202°, 
which analysis and a mixed m. p. determination prove to be methyl-y- 
strychnidine (p. 1592). This decomposition affords perhaps the most 
ready method of preparing this substance in a pure condition. 

Methylneostrychnidinium LIodide (B).—The mother-liquors con- 
taining sodium iodide from which the iodide (A) originally separated 
(p. 1611) were concentrated considerably by distillation under 
reduced pressure, allowed to stand for a couple of days to deposit 
traces of the iodide (A), and then mixed with aqueous potash (50%) 
so long as turbidity was produced. After 2 days, the pale salmon, 
crystalline mass was collected, ground, washed with a little water, 
and left on porous porcelain to dry. The cake was then dissolved 
in boiling acetone [in which in this condition it, but not the iodide 
(A), is rather readily soluble], and the solution was rapidly filtered 
from the first small crop of crystals and then kept; a copious, 
colourless, sandy precipitate of the iodide (B) separated which was 
now very sparingly soluble in cold acetone; further crops were 
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obtained by concentrating the mother-liquor. The iodide (B) 
begins to darken at 260° and melts and decomposes at about 277° 
to a black froth (Found: C, 57-3; H, 6-1. C,,H,,ON,I requires 
C, 57-2; H, 5-9%). 

This iodide is moderately easily soluble in hot water and separates 
as a rather indefinite crust on standing; the aqueous solution gives 
no precipitate with ammonia or caustic potash. It dissolves very 
readily in warm dilute hydrochloric acid, but exhibits little tendency 
to crystallise from this solvent. 

Methylneostrychnidinium Chloride (B).—This was obtained by 
adding excess of silver chloride to a hot aqueous solution of the 
iodide (B), heating the mixture on the steam-bath for an hour, and 
filtering it. The filtrate was concentrated to a small bulk by 
distillation from the steam-bath under reduced pressure and then 
left over sulphuric acid in a vacuum desiccator; the pasty mass 
of minute crystals which gradually formed was left in contact with 
porous porcelain. The whole residue was dissolved in a very small 
amount of water, allowed to crystallise again, and transferred to 
porous porcelain, The colourless residue, dried at 100°, melted at 
about 255° with effervescence (Found: OC, 68-3; H, 7-8. 
C.97H,,ON,C1,H,O requires C, 68-0; H, 7-5°,). When this chloride 
is heated with methyl-alcoholic potash under the conditions described 
in the corresponding case of the chloride (B), a large yield of methoxy- 
methyldihydrostrychnidine, m. p. 125°, is obtained. 

In order to determine whether the product of the action of dilute 
sulphuric acid on methoxymethyldihydrostrychnidine was capable 
of electrolytic reduction, the solution prepared as explained on 
p. 1602 was placed in the usual apparatus (p. 1600), and a current 
of 5 amps. passed for 16 hours at 20°. The solution was then 
neutralised with ammonia, and a little sulphurous acid added, 
followed by a large excess of sodium iodide. The bulky precipitate 
which separated was recrystallised from water and found, by a 
comparison of properties and an analysis (Found: C, 57-6; H, 6-0. 
CopH,ON,1 requires C, 57:2; H, 6-0°;), to be methylneostrychni- 
dinium iodide (A), showing that reduction had not taken place. 

Oxidation of Methyl--strychnidine. Formation of a Diketone 
lermed Strychnidone.—Methyl-y-strychnidine (6 g.), dissolved in 
warm acetone (400 c.c.), was cooled to 15°, and very finely powdered 
and sieved permanganate (6 g.) added in small quantities at a time 
with constant shaking. When decolorisation was complete, the 
whole was heated on the steam-bath, the manganese precipitate * was 


* When this manganese precipitate is extracted with hot water, a dark 
brown liquid is obtained containing a small quantity of the potassium salt 
of an acid which has not been obtained crystalline. 
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filtered off and well washed with acetone, and the combined acetone 
filtrate and extracts were evaporated on the steam-bath; the 
syrupy residue soon crystallised and did so immediately when 
stirred with methyl alcohol. The whole was dissolved in boiling 
methyl alcohol; from the solution, brilliant, almost colourless 
prisms separated, and further crops were obtained by concentrating 
the mother-liquor, the total yield being 5g. After a second crystallis- 
ation from methyl alcohol, the substance was pure (Found: (, 
71:3; H, 6-8; N, 8-0. C,,H.,,0,N, requires C, 71:6; H, 6-8; N, 
79%). Strychnidone melts at about 152°, is slightly soluble in 
boiling water, and very sparingly soluble in cold methyl alcohol. 

A solution in dilute sulphuric acid gives, with dichromate, a deep 
crimson colour; ferric chloride added to a solution in dilute hydro- 
chloric acid gives a pale pink colour which becomes crimson on 
boiling. The powdered crystals dissolve in concentrated nitric 
acid to a most intense crimson solution, and the colour is not dis- 
charged on dilution. The diketone is remarkably resistant to 
oxidation, the solution even in boiling acetone decolorising per- 
manganate very slowly. 

The Disemicarbazone.—The diketo-derivative (2 g.), dissolved 
in hot dilute acetic acid, was mixed with a concentrated aqueous 
solution of semicarbazide hydrochloride (5 g.) and sodium acetate 
(4 g.) and heated on the steam-bath with gradual addition of 
potassium carbonate so as nearly to neutralise the acetic acid. 
After 2 hours, the whole was cooled, filtered from a little gum, and 
made strongly alkaline with ammonia; a chalky precipitate then 
separated which was well washed, dried on porous porcelain, and 
then on the steam-bath (Found: C, 58-1; H, 6-7; N, 24-4. 
Cy3H3,03N, requires C, 59-1; H, 6-4; N, 240%). A further crop 
of this disemicarbazone (Found : N, 24:2%) slowly separated from 
the aqueous mother-liquor as a definitely crystalline crust, m. p. 
about 252° (efferv.). 

The Oxime.—The diketo-derivative (2 g.) was dissolved in boiling 
methyl alcohol, a concentrated aqueous solution of hydroxylamine 
hydrochloride (4 g.) and sodium acetate (5 g.) added, and the whole 
heated to boiling; the clear solution then gradually became cloudy. 
After 3 hours, the product was cooled and mixed with water, 
ammonia was added until the liquid was alkaline, and the precipitate, 
which was at first syrupy but soon hardened, was ground with water 
to a paste, washed, and dried over sulphuric acid in a vacuum 
desiccator (Found: N, 11-1. C,,H,,0,N, requires N, 11-4%). 
The oxime was very soluble in methyl alcohol; the solution, after 
addition of much ether, was washed with water, dried over potassium 
carbonate, and concentrated; the oxime then separated in fluffy 
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masses which had no definite melting point, shrinking at about 150° 
and effervescing at 170—175° (Found: N, 11:2%). Experiments 
made with the object of bringing about a Beckmann transformation 
by means of acetic anhydride or acetyl chloride led to no useful 
result. 

An isomeride of strychnidone was obtained when this substance 
(65 g.), dissolved in the minimum quantity of boiling methyl 
alcohol, was mixed with methyl-alcoholic potash (25 c.c. of 25%). 
On heating on the steam-bath, the liquid clouded and a crystalline, 
chalky precipitate separated. This was collected, washed well with 
methyl alcohol, and crystallised from much boiling methyl alcohol, 
from which the substance separated as a colourless, crystalline 
powder (Found: C, 71:3; H, 7-0; N, 7:7. C,,H,,;0,N, requires 
C, 71-6; H, 6-8; N, 7-9%). 

allo-Strychnidone shrinks at 245°, gradually becomes brown, and 
froths at about 260—265°. It dissolves with difficulty in dilute 
acids and shows the same colour reactions as the original diketo- 
derivative. It is moderately easily soluble in boiling acetone or 
xylene and is very stable to permanganate. The same substance 
appeared to be produced when the original diketo-derivative was 
left in contact with concentrated sulphuric acid for 2 hours and the 
brownish-yellow solution, after dilution, was precipitated by 
ammonia. The decomposing point after recrystallisation was about 
265° (Found: C, 71-2; H, 6-9; N, 7:8%). When the methyl- 
alcoholic solution of the base was boiled with semicarbazide hydro- 
chloride or with hydroxylamine hydrochloride and sodium acetate, 
under exactly the conditions described above in the case of the 
isomeride, m. p. 152°, the solution in both cases deposited, on 
cooling, a mass of crystals of the allo-derivative which was identified 
by the decomposing point, 260°, and by analysis. 

Methoxymethylstrychnidonic Acid.—The best conditions for the 
formation of this substance seem to be the following. Finely 
powdered methoxymethyldihydrostrychnidine (6 g.), suspended in 
warm methyl alcohol (50 c.c.), is mixed with methyl-alcoholic 
potash (10 c.c. of 25%), and perhydrol (20 c.c.) is added all at once. 
The temperature is kept carefully at 43—44°; a slow effervescence 
then takes place and a slimy substance separates at first but gradually 
disappears. After about an hour the effervescence will have ceased. 
The pale yellow product is left over-night, then mixed with an 
equal volume of water, and the methyl alcohol removed by distill- 
ation under reduced pressure. The filtrate from a small amount 
of flocculent matter is extracted several times with ether, then with 
chloroform to remove a gum, which so far has not been investigated, 
and is again distilled in order to free it from ether and chloroform. 
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On being acidified with dilute sulphuric acid, the liquid clouds and 
crude methoxymethylstrychnidonic acid separates as a brown resin. 
A specimen of the amino-acid in a nearly pure condition was obtained 
by extracting the crude product with much ether, drying the extract 
over calcium chloride, distilling off most of the ether, and allowing 
most of the remainder to evaporate over sulphuric acid; the amino- 
acid then separated as a crust which was not definitely crystalline 
(Found: C, 64:8; N, 7-5; N, 7-2. C,,H,,0;N, requires C, 65-0; 
H, 7-2; N, 7-2%). 

Anhydromethoxrymethylstrychnidonic Acid.—When the crude amino- 
acid obtained on acidifying the product of the action of perhydrol 
on methoxymethyldihydrostrychnidine (see above) is warmed with 
water, almost all dissolves, and on allowing the solution to evaporate 
at 70—80° it darkens considerably and deposits at first colourless 
nodules of the anhydro-amino-acid and then a dark tar containing 
some crystalline matter. The latter is dissolved in a little boiling 
methyl alcohol and after some days the sparingly soluble anhydro- 
acid separates as a crust. This is collected and washed with methyl 
alcohol, the nearly colourless residue mixed with the nodules, and 
the whole repeatedly crystallised from methyl alcohol (Found : 
C, 67-6; H, 7-0; N, 7-4; MeO, 8-1. C,,H,,0,N, requires C, 68-1; 
H, 7:0; N, 7:6; MeO, 80%). This anhydro-acid melts at 222° 
and is sparingly soluble even in boiling methyl alcohol, from which 
it separates in stars of flat, prismatic needles; on heating in a test- 
tube, it chars, liberating the odour of indole. It is insoluble in 
water or cold dilute acids or in dilute caustic soda solution, but 
dissolves gradually in the last on boiling. The solution in dilute 
sulphuric acid (60%) gives with dichromate an intense crimson 
colour, and the solution in warm dilute hydrochloric acid gives 
with ferric chloride the same coloration. When the anhydro- 
acid is heated in a sealed tube with methyl iodide and methyl 
alcohol for a few minutes, a pale yellow solution is obtained which 
deposits the unchanged anhydro-acid on evaporation. 

Ethoxymethyldihydrostrychnidine.—This substance is obtained 
when powdered strychnidine methosulphate (8 g.) is heated with a 
saturated solution (25 c.c.) of caustic potash in ethyl alcohol on the 
steam-bath. The methosulphate gradually dissolves and a cloudy 
liquid containing drops of oil forms. After 10-minutes, the whole is 
cooled, water and ice are added, and the chalky precipitate 1s 
collected, washed with ice-water, and left on porous porcelain. 
The substance is very soluble in alcohol; from the solution, after 
being concentrated and left in the ice-chest, a paste of needles 
separates which, in contact with porous porcelain, becomes quite 
colourless but has the tendency, characteristic also of methoxy- 
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methyldihydrostrychnidine (compare p. 1602), to become purple on 
exposure to the air. After being dried at 80°, the substance melts at 
about 98° (Found: C, 75-9; H, 8-4; N, 7:3. C.,Hg.0,N, requires 
C, 75:8; H, 8-4; N, 73%). Hthoxymethyldihydrostrychnidine is 
much more readily soluble in solvents than the corresponding 
methoxy-derivative and exhibits much less tendency to separate 
in well-defined crystals. It is very soluble in light petroleum and 
separates from the concentrated solution, on slow evaporation, in 
hard, lilac-brown prisms. 


Methoxymethyltetrahydrosirychnidine. 


The corresponding dihydro-derivative (p. 1602) (10 g.), as obtained 
directly by the addition of water to the product of the action of 
methyl-alcoholic potash on strychnidine methosulphate, is dis- 
solved in dilute sulphuric acid (150 c.c. of 20°) and reduced, in the 
apparatus described on p. 1600, by a current of 5 amps. for 15 hours. 
The product is diluted and mixed with excess of concentrated 
caustic potash solution, and the solid is collected, dried on porous 
porcelain, and warmed with a little alcohol to remove traces of gum. 
The substance is then twice crystallised from xylene, from which 
it separates very characteristically in well-developed, glistening, 
short prisms (Found: C, 75:1; H, 86; N, 7:5; MeO, 8&1. 
C.3H3.0.N, requires C, 75:0; H, 8:7; N, 7:6; MeO, 83%). 
Methoxymethyltetrahydrostrychnidine melts at 220° and distils at 
about 230—235°/1 mm. without any decomposition, since the 
colourless, crystalline distillate melts at 220—222° either alone or 
mixed with a specimen of the original substance. Itis very sparingly 
soluble in boiling alcohol, and moderately easily soluble in boiling 
benzene, from which it crystallises well in plates. It dissolves 
readily in dilute acids. The solution in dilute sulphuric acid gives 
with dichromate a pink coloration which rapidly changes to reddish- 
purple. Acetic anhydride appears to be without action, since, after 
boiling with the anhydride and a drop of sulphuric acid for several 
minutes, the base was recovered unchanged on addition of ammonia 
after the acetic anhydride had been decomposed with water. 

The hydriodide was prepared by dissolving the base in a slight 
excess of dilute hydrochloric acid, adding a few drops of sulphuric 
acid, heating the solution to boiling, and mixing it with a large 
excess of aqueous sodium iodide; from the milky solution thus 
produced, a gum separated which soon crystallised. The mass 
was well washed and dissolved in boiling water, and the solution 
rubbed with a glass rod; a meal of glistening prisms then separated, 
M. p. 235° (decomp.) (compare p. 1623) (Found: C, 56-0; H, 6-7. 
CysH5.0,N5,HI requires C, 55:7; H, 6:7%). This hydriodide is 
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very sparingly soluble in boiling methyl alcohol and separates well, 
on cooling, in small, colourless needles. Its conversion into methyl- 
neodihydrostrychnidinium iodide by the action of heat is described 
on p. 1623. 

The Methiodide (a), C,,H3,0,N,,MeI—The base, m. p. 220°, 
does not combine readily with methyl iodide and may indeed be 
recrystallised from methyl iodide without change. In an experi- 
ment in which the base was boiled with methyl alcohol and a large 
excess of methyl iodide for 12 hours, the clear solution, on being 
concentrated, deposited a large amount of the unchanged base. 
When, however, the powdered base (2°5 g.) was heated with methyl 
iodide (8 ¢.c.) in a sealed tube in the steam-bath for 5 hours, com- 
plete solution gradually took place and, on cooling, a mass of 
crystals separated, or in some experiments a syrup formed on the 
surface of the methyl iodide which became crystalline on being 
rubbed with methyl alcohol. In either case, the crystals were 
collected, washed with methyl iodide, and recrystallised from a little 
boiling alcohol, from which the methiodide separated, on slowly 
cooling, as a glistening crust of arrow-shaped prisms (Found: (, 
56-0; H, 7-0; I, 24:5. O,,H,,O,N,I requires C, 56-4; H, 6-9; I, 
24-9%). This methiodide melts at about 227° with vigorous 
effervescence. In order to determine the nature of this decom- 
position, about a gram of the substance was heated in a test-tube 
at 250°; methyl iodide then condensed on the cold part of the 
tube. After effervescence had ceased, the nearly colourless gum 
was dissolved in much boiling methyl alcohol, and the solution 
concentrated; on cooling, methoxymethyltetrahydrostrychnidine 
separated in prisms, m. p. 220°. The methiodide is decomposed 
with great difficulty by methyl-alcoholic potash, since, after boiling 
for several minutes, most of the unchanged methiodide is recovered 
on the addition of water. The methyl iodide washings of the crude 
methiodide gave a syrup on evaporation; a solution of this in boiling 
methyl alcohol, on standing exposed to air, deposited thick prisms 
of methoxymethyltetrahydrostrychnidine, showing again the small 
tendency this base has to combine with methyl iodide. 

The Methochloride (a)—This was prepared by warming the 
methiodide with water and excess of silver chloride on the steam- 
bath for 2 hours and then evaporating the filtrate from the silver 
salts; the methochloride separated as a waxy, crystalline mass, 
which was not analysed. When this substance was heated on the 
steam-bath with excess of methyl-alcoholic potash (20%), decom- 
position took place immediately with separation of potassium 
chloride, and, as the product was completely soluble in water, it 
is probable that the methohydroxide was present at this stage- 
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If, instead of diluting the mixture with water, the whole is heated 
at 140° until nearly all the methyl alcohol has evaporated, a 
crystalline precipitate of methoxymethyltetrahydrostrychnidine is 
obtained on the addition of water. 

. The Dimethosulphates, C.3H3,0,N.,2Me,8O, (A) and (B).— 

Methoxymethyltetrahydrostrychnidine does not combine readily 
with methyl sulphate, as is shown by the fact that, if methyl 
sulphate is added to a boiling concentrated solution of the base 
in benzene, the unchanged substance crystallises on cooling. Com- 
bination takes place readily, however, under the following conditions 
and with the formation of the dimethosulphates. The base (8 g.), 
dissolved in specially purified and dried benzene (100 c.c.), is 
mixed with carefully purified methyl sulphate (20 c.c.) and boiled 
under reflux with exclusion of moisture; in about 2 hours, the 
liquid begins to cloud and a gelatinous mass to separate. The 
boiling is continued for 20 hours, and the hot benzene then decanted 
from the gummy mass. After several days, the benzene solution 
deposits a soft, crystalline crust, which is washed with benzene 
and dried over sulphuric acid in a vacuum desiccator (Found: C, 
51:8; H, 6-9. C,H ,0.N,,2Me,SO, requires C, 52:2; H, 7-1%). 
That this substance is the dimethosulphate (A) was confirmed by the 
fact that the solution in boiling methyl alcohol gave, on the addition 
of sodium iodide and cooling, the dimethiodide (A), m. p. 315—320° 
(decomp.). In preparing this substance in quantity, the horny mass 
of dimethosulphate from which the benzene had been decanted was 
dissolved in warm water, and the solution was filtered from benzene 
and mixed with a considerable excess of hot concentrated sodium 
iodide; the clear solution, on rubbing, immediately began to deposit 
the dimethiodide (A) in flat prisms. After some hours, the crystalline 
mass was collected, well washed, and dried on porous porcelain and 
then on the steam-bath (Found : C, 45:8; H, 5:6. C,,H,,0,N,,2Mel 
requires C, 46-0; H, 5-8%). This dimethiodide (A) does not dis- 
colour until 300° and melts and effervesces at about 315° to a reddish- 
brown froth. It dissolves readily in boiling water and separates 
on cooling in needles; in boiling methyl alcohol it is very sparingly 
soluble, but it dissolves in much boiling ethyl alcohol and separates 
on slow cooling in striated, quadrilateral plates. 

The Dimethochloride (A).—A boiling aqueous solution of the 
dimethiodide (A) was readily decomposed by silver chloride and, on 
evaporating the filtrate from the silver salts to a small bulk and 
leaving it over sulphuric acid, a gummy mass was obtained which 
gradually crystallised but was not analysed. The solution in dilute 
sulphuric acid gives with dichromate a pink coloration which 
becomes crimson on warming. The conversion of this dimetho- 
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chloride (A) into methyl--dihydrostrychnidine, C,.H,,ON,, by the 
action of heat is described on p. 1621. 
Methoxymethylietrahydrostrychnidine Dimethiodide (B), 
C.3H3,0,N,.,2MeIl.—When the solution of the dimethosulphate, 
prepared as described on p. 1619, was treated with sodium iodide, 
less than half the calculated amount of the dimethiodide (A) 
separated, and very little more was obtained on standing or con- 
centration. On investigating the cause of this, it was found that 
the addition of caustic potash solution (50%) to the mother-liquor 
of (A) produced a heavy caseous precipitate. After alkali had been 
added until there was no further separation, the whole was warmed 
at 50°; the precipitate then melted and settled on the bottom of 
the beaker as a viscid gum. The supernatant alkaline solution 
was decanted, the syrup dissolved in boiling methyl alcohol, and 
the solution filtered and concentrated; on standing, a thick mass of 
colourless prisms gradually separated, and more was obtained by 
concentrating the mother-liquor. This dimethiodide (B) is very 
readily soluble in boiling methyl alcohol, but sparingly soluble in 
the cold, and separates in thick, four-sided, twin prisms which 
effervesce at about 165° owing to the escape of methyl iodide (see 
below) (Found: C, 46-7; H, 5-9. C,;H;,0,N,I, requires C, 46-0; 
H, 58%). The final methyl-alcoholic mother-liquors, from which 
no more of the dimethiodide (B) could be separated, on being 
concentrated and kept for months in the air, yielded a semi-solid 
paste; this, in contact with porous porcelain, gradually left a white, 
crystalline mass, a solution of which in methyl alcohol, when allowed 
to concentrate in the air, gradually deposited large, glistening prisms, 
m. p. 225° (vig. efferv.) (Found: C, 56-2; H, 7-0. C,3H3.0,N,,Mel 
requires C, 56-4; H, 6-8%,). Since this substance decomposed on 
heating into methyl iodide and methoxymethyltetrahydrostrych- 
nidine, it is evident that it was the methiodide of this substance 
described on p. 1618, and its formation shows that the crude dimetho- 
sulphate prepared in benzene solution with a large excess of methyl 
sulphate contains some monomethosulphate in spite of the fact that 
a very large excess of methyl sulphate was used and the heating 
continued for 20 hours (p. 1619). 
Methoxymethyltetrahydrostrychnidine Methiodide (b).—When the 
dimethiodide (B) just described is heated in a test-tube in a bath at 
about 220°, methyl iodide is eliminated and condenses on the cold 
sides of the tube. In a quantitative experiment, 0-2440 g., heated 
at 165°, rising to 230° until decomposition was complete, lost 
0:1047 g. or 42°8%, whereas C,,H3,0,N.,2MeI losing 2Mel requires 
a loss of 43-5%. On crystallising the residue from alcohol, colourless 
leaflets separated which melted at 220° and consisted of methoxy- 
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methyltetrahydrostrychnidine (Found: C, 74-9; H, 8-6. Calc. for 
CogHg20,N,: C, 75-0; H, 8-7%). The elimination of only 1 mol. 
of methyl iodide was accomplished under the following conditions. 
The dimethiodide (B) was gently boiled in a test-tube with carefully 
dried mesitylene; it then became spongy and granular but did not 
dissolve. The crystalline deposit was collected, washed with warm 
mesitylene, and crystallised from a large volume of methyl alcohol, 
in which it was very sparingly soluble and from which it separated as 
a sandy, crystalline powder (Found : C, 55-8 ; H, 6-7. C.3,Hs.0,N,,Mel 
requires C, 56-4; H, 6-994). This methiodide (b) becomes brown 
at 300—320°, decomposes with effervescence at about 325° into 
methyl iodide and methoxymethyltetrahydrostrychnidine, and is 
readily soluble in boiling water. It is therefore isomeric with the 
methiodide (a) described on p. 1618, which melts at 227°, and it is 
interesting that both these isomerides lose methyl iodide on heating 
and yield methoxymethyltetrahydrostrychnidine. 

Methoxymethylietrahydrostrychnidine Dimethochloride (B).—The 
pure dimethiodide (B), m. p. 165°, was treated with water and silver 
chloride on the steam-bath in the usual way; the filtrate from the 
silver salts was evaporated to a small bulk on the steam-bath and 
then left over sulphuric acid in a vacuum desiccator, but there was 
no sign of crystallisation and the whole dried to a horny mass. 
This became brittle on the steam-bath and could be powdered, but 
the powder rapidly absorbed moisture and became sticky. When 
the dry substance was heated in a test-tube in a sulphuric acid bath, 
methyl chloride was eliminated; the effervescence being over, the 
residue was crystallised from xylene, colourless prisms being thus 
obtained which melted at 220—222° and consisted of methoxy- 
methyltetrahydrostrychnidine [compare the action of heat on the 
dimethochloride (A), ; see below]. 

Methyl-y-dihydrostrychnidine, CygH,gO0N,.—This substance is 
obtained from the dimethochloride (A) of methoxymethyltetra- 
hydrostrychnidine (p. 1619) or from methylneodihydrostrychnidinium 
chloride (p. 1623) by heating. The dimethochloride (A), in quantities 
of not more than 0-5 g., is cautiousiy heated in test-tubes over a free 
flame ; it soon gives off steam and doubtless also methyl alcohol and 
then froths at a very high temperature, giving a very unpleasant 
smelling vapour, which burns with a smoky flame tinged with 
green, and a small amount of a colourless, crystalline sublimate 
forms on the sides of the tube. When the effervescence has ceased, 
the ochre-coloured residue, which crystallises on cooling, is dissolved 
in much boiling methyl alcohol; the solution, on being concentrated 
considerably and left in the ice-chest, deposits the new substance in 
colourless spangles, but the yield is poor even after the mother- 
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liquors have been worked up (Found: C, 781; H, 8-0; N, 85. 
C,,H,,ON, requires C, 78-6; H, 8-3; N, 83%). 

Methyl-y-dihydrostrychnidine melts at 212° and is somewhat 
soluble in boiling water to a bitter solution which, on cooling, 
deposits the substance in flitters. It is sparingly soluble in cold 
methyl alcohol and very sparingly soluble in acetone even on 
boiling ; it separates from the solution, on concentration, in glisten- 
ing, colourless plates. It is also sparingly soluble in benzene or light 
petroleum. The solution in acetone does not decolorise perman- 
ganate except on the addition of a little water and then only on 
long standing. The resistance to oxidation was shown in an 
experiment in which the base (1 g.), dissolved in much boiling 
acetone and water (3 c.c.), was boiled under reflux, and permanganate 
(1-5 g.) gradually added. After some hours, decoloration was 
complete and the acetone filtrate from the manganese precipitate 
yielded, on being concentrated, 0-7 g. of unchanged substance. 
A solution of the base in dilute sulphuric acid gives with dichromate 
a yellow solution which becomes crimson on warming; a solution in 
dilute hydrochloric acid is coloured yellowish-pink by ferric chloride, 
the colour changing to crimson on warming. The base dissolves 
with effervescence in concentrated nitric acid to a reddish-brown 
solution. 

The Methiodide, C..H,,ON,,MeI.—When the base, m. p. 212°, 
was mixed with methyl iodide, there was some rise of temperature. 
The chalky precipitate produced after the mixture had _ been 
heated in a sealed tube for 15 minutes was crystallised from methyl 
alcohol, in which it was very sparingly soluble and from 
which it separated in glistening groups of slender needles (Found : 
C, 57-6; H, $3. C,,H,,ON,I requires C, 57-7; H, 64%). This 
methiodide is very sparingly soluble in boiling water. It becomes 
brown at 290° and decomposes with effervescence at about 330— 
335° to a brown syrup, which crystallises on cooling; this decom- 
position product was not further investigated. 

The methochloride, prepared in the usual manner by boiling the 
methiodide with water and silver chloride, separated from the 
concentrated aqueous solution, on standing over sulphuric acid, in 
colourless, very readily soluble needles and was not analysed. It 
darkens at 260° and effervesces at about 315° to a black syrup. 
The solution in dilute sulphuric acid gives with permanganate 4 
pink coloration which becomes an intense crimson on standing or 
warming. 


The Methylneodihydrostrychnidinium Salts. 


Methoxymethyltetrahydrostrychnidine, unlike the corresponding 
dihydro-derivative (p. 1610), isnot acted on by boiling dilute sulphuric 


— + - -f Dm we -— oO 


‘-_o QoQ oe — 


STRYCHNINE AND BRUCINE. PART IV. 1623 


acid: the tetrahydro-base (5 g.) was boiled with sulphuric acid 
(20% by vol.) for 3 hours, but there was no sign of any elimination of 
methyl alcohol and on addition of ammonia a caseous precipitate 
separated which was found to be the unchanged base, practically 
the whole being recovered. The only way in which the methylneo- 
dihydrostrychnidinium salts could be prepared was from methoxy- 
methyltetrahydrostrychnidine hydriodide (p. 1617) by the action of 
heat. The air-dried substance, in quantities of 0-5 g., was spread 
evenly over the lower surface of large test-tubes and these were 
heated by a sulphuric acid bath gradually to 230° and kept at this 
temperature for about 3 minutes; the vapours which came off 
during the decomposition were apparently water and methyl 
alcohol. After effervescence had ceased, the residual syrup crystall- 
ised, on cooling, as a hard, pale brown crust. ‘This was very spar- 
ingly soluble in boiling water, but dissolved very readily in warm 
dilute hydrochloric acid (compare p. 1611). The solution, after 
being decolorised with norite, was mixed with excess of ammonia, 
left for 24 hours, filtered from a small, fluffy, brown precipitate, 
and concentrated on the steam-bath to a small bulk. The solution 
of ammonium chloride was decanted from the sparingly soluble, 
brown crusts which had separated, and the crusts were dissolved 
in much boiling water. On concentrating the solution considerably, 
the iodide separated in well-developed, pale brown prisms (Found : 
C, 57-2; H, 6-4. C,.H,,ON,I requires C, 56-9; H, 6-3%). 
Methylneodihydrostrychnidinium iodide melts at about 350° with 
effervescence and is sparingly soluble in alcohol, xylene, or glacial 
acetic acid. This iodide was rubbed into a paste with hot water 
and heated on the steam-bath for 2 hours with excess of silver 
chloride. The filtrate from the silver salts was evaporated to a 
small bulk and the solution placed over sulphuric acid in a vacuum 
desiccator ; a paste of crystals then formed. In contact with porous 
porcelain, the mother-liquor was readily absorbed, leaving a hard, 
colourless mass of methylneodihydrostrychnidinium chloride (Found in 
material dried at 100°: C, 70:7; H, 8-1. OC, .H,gON,Cli requires 
C, 70-8; H, 7-9%). This chloride is very readily soluble in water. 
The solution in dilute sulphuric acid gives with dichromate an 
intense crimson coloration in the cold. The dry substance changes 
colour at 300° and decomposes at about 345° with effervescence, 
leaving a brown syrup. In investigating this change, the dry 
substance (0-5 g.) was very cautiously heated in a large test-tube 
by a free flame until effervescence had ceased; during this decom- 
Position a very pungent and unpleasant smelling vapour was given 
off which tinged a flame green. The brown syrup solidified, on 
cooling, to a very hard crust. A solution of this in much boiling 
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methyl! alcohol was decolorised by boiling with norite for an hour 
and then concentrated; a mass of colourless plates then gradually 
separated which melted at 210—212° and consisted of methyl-y- 
dihydrostrychnidine, as a comparison of properties and a mixed 
melting point demonstrated. This is probably the most convenient 
method of preparing this base, but the yield in this case also is not 
good. 

Methylstrychnine.—This substance may be quickly and con- 
veniently prepared in good yield by the following process. Strych- 
nine (100 g.), finely powdered and passed through a 40-mesh sieve, 
is stirred in a mortar with the gradual addition of pure methyl 
sulphate (68 c.c.); the whole soon sets to a solid mass of strychnine 
methosulphate. This is broken up, left over-night, and dissolved 
in warm water (300 c.c.), the solution is filtered from unchanged 
methyl sulphate (about 2 c.c.), and then caustic potash (170 c.c. of 
50%) added with shaking. Crystallisation soon sets in and after 
remaining over-night the crystals are collected and dissolved in 
boiling water (260 c.c.), and the solution is filtered from unchanged 
strychnine (about 2 g.) and allowed to cool; the stout, colourless 
prisms of methylstrychnine, C,,H,,0,N,,4H,O, that separate are 
collected and dried on the steam-bath. The colourless powder 
(93 g.) melts and decomposes at about 318—320°. The aqueous 
mother-liquors are used for the recrystallisation of another batch 
of crude methylstrychnine. 

Normethylsirychnine—When methylstrychnine, powdered and 
dried on the steam-bath, is heated in a distilling flask under 1 mm. 
by a metal bath kept at 200—205°, it gradually melts, there is 
much effervescence and some sublimation, and the loss is about 
15%. The heating is continued for about 4 hour, and the residual 
resin is then dissolved in a slight excess of dilute hydrochloric acid, 
ammonia is added until there is a slight precipitation, and the 
filtered solution is mixed with excess of ammonia and warmed at 50° 
on the steam-bath. The pale brown, granular precipitate is collected 
and dissolved in excess of warm oxalic acid; after 2 days, a small 
amount of a dark crust separates. The filtrate from this is vigor- 
ously shaken while dilute ammonia is carefully added so long as a 
dark-coloured precipitate forms. After being filtered, the solution 
is shaken with norite and filtered, and excess of ammonia is added 
to the pale yellow filtrate. A voluminous, pale ochre precipitate 
separates which becomes granular on warming at 50°, and this is 
collected, washed, and dried over sulphuric acid in a vacuum 
desiccator (Found in two different preparations : C, 75-7 and 75:2; 
H, 68 and 6-7; N, 8-2. C,,H,,0,N, requires C, 75-4; H, 66; 
N, 8-4%). This base, which is isomeric with strychnine, has so far 
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not been obtained in a crystalline condition. A solution in dilute 
sulphuric acid (60°% by vol.) gives with dichromate an intense 
bluish-purple colour, fading to a port wine tint; a solution in dilute 
hydrochloric acid gives with ferric chloride no coloration in the 
cold and there is little change on warming. 

The Methiodide.—The base was heated in a sealed tube in the 
steam-bath with a large excess of methyl iodide for 5 hours. Next 
day, the crust of prisms which had separated on the sides of the 
tube was scraped off, washed with methyl iodide, and dried on the 
steam-bath. The old-gold, crystalline mass became opaque at 
180°, darkened at 290°, and frothed at about 315° (Found: C, 
54-9; H, 5-5. C,,H,.0.N,,Mel requires C, 55-4; H, 53%). This 
methiodide of normethylstrychnine was digested with water and 
silver chloride on the steam-bath, and the pale green filtrate con- 
centrated to a small bulk; a soft, satiny mass separated on standing. 
This became colourless on porous porcelain and melted at about 
285° (Found: C, 68-9; H, 6-6; N, 7-2. C,,H,.0,N,,MeCl requires 
C, 68-7; H, 6:5; N, 73%). A solution of this methochloride in 
dilute sulphuric acid (60°, by vol.) gives with dichromate an intense 
indigo-blue colour, fading to brown. Methylstrychnine (10 g.) 
mixed with phenol (15 g.) was heated at 240° for an hour; the 
distillate, on treatment with dilute potash, yielded anisole (1-2 g.), 
which was recognised by its boiling point and other properties. ' 

Action of Caustic Potash on Methylstrychnine.—Methylstrychnine 
(10 g.), mixed with methyl-alcoholic potash (60 c.c. of 20°), was 
heated on the steam-bath for 15 minutes with stirring, powdered 
potash (30 g.) was then added, and the decomposition continued 
at 150—200° for 20 minutes with frequent stirring; the temperature 
was then raised to 250° for 30 minutes. The product from five such 
operations was steam-distilled, the oil that passed over was extracted 
with ether, and the extract was dried over potassium carbonate 
and fractionated. The portion that distilled between 148° and 
155°/15 mm., on remaining in the ice-chest, deposited crystals which 
were collected, drained on porous porcelain, and recrystallised from 
petroleum. The colourless plates thus obtained in considerable 
quantity melted at 52° and consisted of indole, as a mixed melting- 
point determination and a careful comparison of properties con- 
clusively proved. The reddish-brown solution in the steam-dis- 
tillation flask was cooled, sulphur dioxide passed in, and the pre- 
cipitate collected, dried, and distilled in quantities of 3 g. with soda- 
lime under reduced pressure. The distillate, containing oily drops, 
Was extracted with ether, and the extract steam-distilled ; a further 
quantity of indole then passed over. Finally, the residue in the 


steam-distillation flask was extracted with benzene and distilled, 
31 


1626 STRYCHNINE AND BRUCINE. PART IV. 


and the fraction, b. p. 240—280°/16 mm., was dissolved in low- 
boiling petroleum; from the solution a pasty mass of crystals 
separated which, after recrystallisation, melted at 236°, and this 
substance was found, by an examination of its colour reactions and 
other properties and by a mixed m. p. determination, to be 
carbazole. 

Decomposition by soda-lime. Methylstrychnine (2-5 g.) was mixed 
with soda-lime (10 g.) and heated in a hard glass tube under 20 mm. 
to about 400°. The distillate from several such operations was 
steam-distilled, the pale yellow oil extracted with ether, and the 
extract dried over potassium carbonate and fractionated; an oil 
passed over at 93°/25 mm. which was insoluble in dilute hydro- 
chloric acid, gave an intense purple colour with p-dimethylamino- 
benzaldehyde, and yielded a picrate, m. p. 168°. The amount 
obtained was too small to allow of its constitution being determined. 

The residue from the steam distillation yielded a small amount of a 
substance which separated from light petroleum in glistening plates, 
m. p. 236°, and was recognised as carbazole. 

Electrolytic Reduction of Methylstrychnine.—Methylstrychnine 
(20 g.), dissolved in dilute sulphuric acid (100 c.c. of 60%), was 
reduced in the usual apparatus (p. 1600) by a current of 5 amps. for 
16 hours, the pale pink solution diluted with water and heated on 
the steam-bath, and barium carbonate added until the sulphuric 
acid had been removed. The strongly alkaline solution from the 
barium sulphate was evaporated to dryness; the almost colourless, 
crystalline methylstrychnidinium hydrogen carbonate that remained 
was purified by dissolving it in methyl alcohol, in which it was 
readily soluble, and fractionally precipitating it with ether. The 
second fraction, after drying on porous porcelain over sulphuric 
acid in a vacuum desiccator, gave analytical results agreeing 
approximately with those required for the formula 

C,,.H,,ON,,HCO,,H,O 
(Found: C, 65-8; H, 6-9; N, 6-8. Calc.: C, 66-6; H, 7-2; N, 
6-8%). When this carbonate was heated at 100° it lost 4-4% (Calc., 
4:3%) (Found: C, 69-0; H, 7-4; N, 7-0. C,,H,,0,N, requires C, 
69-7; H, 7-1; N, 7-1%). This carbonate is readily soluble in hot 
water and effervesces with acids; the dry substance also effervesces, 
when it is heated at 200°, with formation of a colourless syrup. It 
was readily soluble in hot methyl-alcoholic potash (25%), and after 
heating in an open flask on the steam-bath for 15 minutes so that 
considerable concentration had taken place, the milky liquid gave, 
on dilution with water, a caseous precipitate which separated from 
methyl alcohol in glistening prisms,"m. p. 124—125°, and proved 
to be methoxymethyldihydrostrychnidine (Found: ©, 75:0; H, 
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8-2. Cale. for C.3H,,0,.N,: C, 75:4; H, 8-2%). When the car- 
bonate was treated with hydrochloric acid, it yielded a horny 
methochloride which appeared to be identical with the substance 
obtained from strychnidine methiodide by treatment with silver 
chloride (p. 1601). 
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CCXI.—Sitrychnine and Brucine. Part V. 


By Jonn Masson GuLLAND, WILLIAM HENRY PERKIN, jun., 
and ROBERT ROBINSON. 


THE present communication contains the description of part of a 
general investigation of the reduction products of brucine, our 
knowledge of which is comparatively scanty. Reduction by 
hydrogen in presence of colloidal palladium yields dihydrobrucine 
(Skita and Franck, Ber., 1911, 44, 2864), and Tafel and Naumann 
(Ber., 1901, 34, 3291) have described the preparation by electrolytic 
reduction of a substance which they designate “ tetrahydrobrucine.” 

The starting point of the research now to be described is brucidine, 
a substance which Tafel and Naumann (loc. cit.) claim to have pre- 
pared from “‘ tetrahydrobrucine ” by the elimination of water at 
215°. The two substances were thus considered to be analogous 
to tetrahydrostrychnine and strychnidine and were represented by 
the scheme : 


CH,-OH H, 
(MeO)o(CogHa O(N) <a —> (MeO)g(CopE2,0)(¢ any<p 


Tetrahydrobrucine. Brucidine. 


The properties of these substances as described by Tafel are ex- 
tremely similar, and he was unable to demonstrate by the prepar- 
ation of a nitrosoamine the presence of an imino-group in the 
secondary amine, tetrahydrobrucine. We have repeated the 
electrolytic reduction of brucine, using the modified apparatus 
described in a previous communication (J., 1924, 125, 1798), and 
our results show that Tafel’s “‘ tetrahydrobrucine,”’ m. p. 200—201°, 
Should be re-named brucidine. It is clear, however, that his 
“brucidine,” m. p. 198°, was correctly named, although it was not 
quite homogeneous and was identical with his supposed “ tetra- 
hydrobrucine.” We have now obtained two products, (i) brucidine, 
m. p. 203—203-5°, which shows all the properties of Tafel’s “ tetra- 
hydrobrucine,” and (ii) tetrahydrobrucine, m. p. 177°, which is a 
secondary amine yielding a nitrosoamine. The second substance, 
moreover, yields brucidine when dehydrated by means of phosphorus 
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oxychloride, and the two compounds are thus entirely analogous to 
the corresponding derivatives of strychnine. Tafel’s analyses of 
“‘ tetrahydrobrucine ”’ are in agreement with the theory for brucidine 
containing a molecule of methy! alcohol, and we have found that the 
base when crystallised from methyl alcohol does in fact retain one 
molecule of the solvent. 

Tetrahydrobrucine and brucidine are di-acid bases each of which 
forms a dihydrochloride and a dihydriodide, but only a mono- 
methiodide when heated with an excess of methyl iodide in boiling 
methyl alcohol. 

The starting materials in the experiments described in this com- 
munication are the brucidine metho-salts, and of these the metho- 
sulphate, prepared by the direct combination of the hbase with methyl] 
sulphate, is the most easily obtained in practice. Brucidine metho- 
salts, however, have also been prepared by the electrolytic reduction 
of methylbrucine. This substance was first obtained (Moufang and 
Tafel, Annalen, 1899, 304, 42) by the decomposition of brucine 
methiodide with silver sulphate, followed by the removal of the 
sulphuric acid by baryta, and Tafel represented it as a betaine 
according to the scheme : 


‘er OH eo 


(MeO),(Co,H»,0) (MeO),(CygH)0)—CO,H —> 
20 <r 20°*20 


\wH 
N 
Brucine methohydroxide. 


YN — 
(MeO),( aan 3° 


Methylbrucine. 


Leuchs and Anderson (Ber., 1911, 44, 3046), however, prepared this 
compound more simply by the action of sodium hydroxide on 
brucine methosulphate, and we have employed a slight modification 
of their method. The electrolytic reduction of methylbrucine in 
dilute sulphuric acid is followed by the removal of the sulphuric acid 
by means of barium carbonate. In this way, brucidine metho- 
hydrogencarbonate is obtained, and from it may be prepared brucidine 
methohydroxide by the action of alkali, and also brucidine methiodide 


by means of sodium iodide. This methiodide is identical with a 


specimen prepared by the interaction of the base with methy] iodide, 
and it is therefore evident that the nitrogen atom which is involved 
in the production of brucidine metho-salts is not that which forms 
part of the group —CO-N: of brucine. 
When brucidine methochloride or methosulphate, 
CyeHg0,N,,Me,SO,, 
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is digested with methyl-alcoholic potassium hydroxide it is con- 
verted into methoxymethyldihydrobrucidine, C,;H,,0,N5, m. p. 115°, 
which is derived from brucidine by the introduction of a methyl 
group and the addition of methyl alcohol. Unlike the corresponding 
derivative of strychnidine, this substance is a di-acid base, yielding 
a dihydriodide, but here, as in the case of brucidine, one molecule 
only of methyl iodide enters easily into combination with the base. 
The formation of this methiodide (A) by the action of methyl iodide 
at 100° takes place smoothly in the absence of a solvent, but when 
methyl alcohol is employed in the preparation, a small quantity 
of oxymethoxymethyldthydrobrucidine, C,;H,,0;No, m. p. 277°, is 
produced, and a little of the same substance may be isolated from 
the mother-liquors when the methiodide, prepared in the absence 
of a solvent, is recrystallised from methyl alcohol. By far the 
greater proportion of the product of the action of methyl iodide on 
methoxymethyldihydrobrucidine under either set of conditions is 
the methiodide (A), and in this the brucidine derivative differs 
greatly from the parallel strychnidine one (compare this vol., p. 1591). 
Indications have been obtained of the formation in these reactions 
of a second iodine-free base, melting at about 218°, which 
may correspond to oxymethoxymethyldihydrostrychnidine (A), 
but this substance has not been obtained in a pure condition, 
because recrystallisation from methyl alcohol converts it into oxy- 
methoxymethyldihydrobrucidine, m. p. 277°. Oxymethoxymethyl- 
dihydrobrucidine is probably formed by an atmospheric oxidation 
which is catalysed by small quantities of iodine, since it has recently 
been obtained in much greater yield when an ethyl-alcoholic solution 
of methoxymethyldihydrobrucidine containing a few small crystals 
of iodine is exposed to the air for some days. A parallel experiment 
in which the iodine was omitted yielded no oxymethoxymethyl- 
dihydrobrucidine in the same space of time. 

Further atmospheric oxidation takes place in boiling methyl. 
alcoholic solution, and a dioxymethoxymethyldihydrobrucidine (X), 
C.;H,O,N,, m. p. 270°, has been isolated. This substance is 
isomeric with two dioxymethoxymethyldihydrobrucidines, namely 
(Y) and (Z) (p. 1631), which are produced by oxidation of methoxy- 
methyldihydrobrucidine by permanganate. The investigation into 
the constitution of these substances, their relationship, and the 
significance of their formation has not yet been completed. 

Methoxymethyldihydrobrucidine combines readily at 100° with 
one molecule of methyl iodide, as has been stated above, but when 
the temperature is raised to 140° and the reaction prolonged for 
some hours, the dimethiodide (A), m. p.215°,is formed. In a similar 
way, methoxymethyldihydrobrucidine reacts slowly with methyl 
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sulphate at 100° to form the monomethosulphate (A), but if the 
reaction is continued for a day the base is converted quantitatively 
into the dimethosulphate (B). This substance has not been obtained 
in a crystalline form, but when sodium iodide is added to its aqueous 
solution the dimethiodide (B), m. p. 290°, is precipitated and easily 
obtained in a pure condition. The dimethochloride (B), prepared 
from the dimethiodide by the action of silver chloride, is a horny 
mass which has been decomposed in three different ways. When 
boiled with methyl-alcoholic potassium hydroxide, it loses two 
molecules of methyl chloride, and methoxymethyldihydrobrucidine 
is regenerated. When the dimethochloride is heated for a short time 
in boiling nitrobenzene, the chief product is meihoxymethyldihydro- 
brucidine methochloride (B), produced by the liberation of one mole- 
cule of methyl chloride. Sodium iodide converts this substance into 
the methiodide (B), which is isomeric with the methiodide (A) 
mentioned above. When, thirdly, the dry dimethochloride (B) is 
heated, it loses two molecules of methyl chloride and one of methyl 
alcohol and yields methyl-w-brucidine (p. 1631). It will be observed 
that methoxymethyldihydrobrucidine not only forms two series of 
metho-salts, depending probably upon which of the two nitrogen 
atoms is involved, but also two series of dimetho-salts, which are 
probably stereoisomeric. The relationships existing in this complex 
group of substances are readily understood from the following 
scheme : 
e Methoxymethyldihydrobrucidine 


ih TS. 


Dimethiodide (A) Methiodide(A) Methosulphate (A) | Dimethosulphate (B) 
4 : a 

g : -™ 

Methyl--brucidine a Dimethiodide (B) 


Methiodide (B)<-——- Methochloride (B) <—————— Dimethochloride (B) 
PhN O; at b. p. 


A consideration of the colour reactions of the reduced brucidine 
derivatives, especially that given with ferric chloride (see p. 1661), 
leads to the conclusion that the methiodide (A) has the formula 


(MeO) (CapH,0)(OMe)(-NMe)<{ 52. \I, whilst the methiodide (B) 


is (MeO)q(CapEy40)(OMe)(NMe) <2} 1 This is noteworthy and 


implies that the more basic of the two nitrogen atoms of brucidine 
becomes the less basic of the two nitrogen atoms of methoxymethyl- 
dihydrobrucidine. 

Dilute nitric acid has apparently little oxidising action on 
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methoxymethyldihydrobrucidine, as this reagent at 100° yields only 
nitromethoxymethyldihydrobrucidine, C.;Hsg0,N3. When, however, 
the oxidation is brought about by means of potassium permanganate 
in acetone, two isomeric dioxymethorymethyldithydrobrucidines, 
C,;H,,0,N., are produced, namely (Y), m. p. 185—186°, and (2), 
m. p. 110—111°. The first of these substances (Y) is a base and 
yields a methiodide, which has the interesting property of existing 
simultaneously in two interconvertible forms; one contains solvent 
of crystallisation, the other does not. This base is not altered by 
boiling for a short time with acetic anhydride, and attempts to form 
a semicarbazone resulted in a dark red, uncrystallisable oil. The 
second substance (Z) shows more feebly basic properties, since, 
although it is readily soluble in dilute hydrochloric acid, it does not 
react with methyl iodide at 100°. 

In order to determine whether a process similar to the formation of 
methoxymethyldihydrobrucidine would occur if ethyl alcohol were 
substituted for the methyl alcohol used in the preparation of this 
substance, brucidine methosulphate was digested with sodium 
ethoxide in ethyl alcohol. A sandy powder was obtained which 
showed no tendency to crystallise, and was therefore analysed in 
the form of its crystalline methiodide. This proved to be ethoxy- 
methyldihydrobrucidine methiodide, C.,H,,0,N,,Mel. The reaction 
thus follows a course similar to that observed when methyl alcohol 
is used, but the product was not further investigated. 

When methoxymethyldihydrobrucidine is boiled with dilute 
sulphuric acid, methyl alcohol is eliminated, and as no precipitate 
is formed on the addition of ammonia or sodium hydroxide the 
solution evidently contains a quaternary sulphate. On addition of 
an excess of sodium iodide methylneobrucidinium iodide, C,,H,,0,N,I, 
m. p. 298°, is precipitated, and the investigation of the mother- 
liquors yielded only a further quantity of the same iodide. It 
would thus appear that, in contrast to the behaviour of methoxy- 
methyldihydrostrychnidine under similar conditions (this vol., 
p. 1593), only one iodide is formed, which, it should be noted, is 
isomeric with brucidine methiodide, m. p. 322°. Methylneobrucid- 
inium chloride, prepared from the iodide by means of silver chloride, 
may be decomposed in two ways. When digested with methyl- 
alcoholic potassium hydroxide, it gains methyl alcohol and loses 
hydrogen chloride, forming methoxymethyldihydrobrucidine. On 
the other hand, if the dry chloride is heated it loses hydrogen chloride, 
forming methyl-w-brucidine. 

Methyl-y-brucidine, C.,H,,0,N,, m. p. 198—199°, is obtained 
either in the manner described above, or by heating methoxymethy]l- 
dihydrobrucidine dimethochloride (B). It is a base, forming a 
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dihydriodide, but only a methiodide when combined directly with 
methyl iodide in the cold. Small quantities of the base and also 
of its methochloride are formed during the decomposition of methoxy- 
methyldihydrobrucidine dimethochloride (B) in boiling nitro- 
benzene; the methochloride, which was not isolated, yields the 
above-mentioned methiodide when treated with sodium iodide. 
Methyl-y-brucidine is unchanged by electrolytic reduction or by 
shaking in an atmosphere of hydrogen in presence of colloidal 
palladium, but it is readily oxidised by potassium permanganate to 
brucidone, C,,H,,0;N,, one atom of carbon being lost during the 
process. This most interesting substance, the analogue of strych- 
nidone, is unfortunately an oil, but a crystalline monosemicarbazone 
was obtained and analysed. The stability of methyl-y-brucidine 
towards reducing agents is noteworthy and cannot, at present, 
be explained. 

Methoxymethyltetrahydrobrucidine, C.;H,,0,N,, m. p. 133—135°, 
is derived from methoxymethyldihydrobrucidine by electrolytic 
reduction. It is characterised by the facility with which it crystallises, 
and also shows greater stability to light and air than the methoxy- 
dihydro-derivative. It is a di-acid base yielding a dihydrochloride 
and a dihydriodide, and like the methoxydihydro-derivatives it forms 
two series of metho-salts, namely (A) and (B), and also two series of 
dimetho-salts, namely (A), which are comparatively low-melting, 
and (B), which are high-melting. The methiodide (A) is produced by 
the direct combination of the base with methyl iodide at 100°, and 
in contrast to the behaviour of methoxymethyldihydrobrucidine 
under similar conditions no oxidation accompanies this reaction 
(compare p. 1629). This methiodide yields the methochloride (A) by 
the action of silver chloride, and it was observed that both of these 
substances readily revert to the parent base. The methiodide loses 
methyl iodide quantitatively at 170°, whilst methyl chloride is 
eliminated when the methochloride is boiled with methyl-alcoholic 
potassium hydroxide. Methoxymethyltetrahydrobrucidine com- 
bines slowly with methyl] sulphate when heated with an excess of the 
reagent in dry benzene for 24 hours, and yields a glassy mass which 
is a mixture of two dimethosulphates, namely, (A) and (B). These 
have not been separated, but the addition of sodium iodide to their 
aqueous solution precipitates the dimethiodide (B), m. p. 287°, the 
isomeride (A) remaining in solution. The dimethiodide (B) and the 
dimethochloride (B), which is prepared from it by means of silver 
chloride, each lose one molecule of methyl] iodide, or methyl chloride, 
when heated, and yield respectively the methiodide, or methochloride, 
of the series (B). Attempts to prepare methyl-y-dihydrobrucidine 
by further decomposition of the dimethochloride (B) or the metho- 
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chloride (B) were unsuccessful, because decomposition of the rest 
of the molecule precedes the elimination of methyl chloride; this 
behaviour is in marked contrast to that of the corresponding 
strychnidine derivatives (compare this vol., p.1592). Methoxymethyl- 
tetrahydrobrucidine dimethiodide (A), m. p. 230—232°, is precipit- 
ated in a very crude condition by the addition of a large excess of 
potassium hydroxide to the mother-liquors from the preparation of 
the dimethiodide (B). It may also be obtained by the direct 
combination of the base with methy! iodide at 140°. When heated 
at its melting point, it loses one molecule of methyl iodide with the 
formation of the methiodide (B), and it is converted by silver 
chloride into the dimethochloride (A). When this substance is 
heated, two molecules of methy] chloride are liberated and methoxy- 
methyltetrahydrobrucidine is regenerated. The relationships of 
these substances are illustrated by the following scheme :— 
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The ferric chloride reactions suggest that the metho-salts (A) and (B) 
are constituted analogously to the related series from methoxy- 
methyldihydrobrucine. 
The methiodide (A) will have the formula 
‘ CH 
(MeO), (CppH,0)(OMe)(:NMe)<] 5? \r, 
whilst the methiodide (B) should be 
(MeO),(CyyHo,0)(OMe)(:NMe,) (ahr. 
This is in agreement with the production of the methiodide (B) 
from each of the stereoisomeric dimethiodides (A) and (B), since 
the decomposition, on the suggested hypothesis, occurs at the 
nitrogen atom which becomes asymmetric (Nabcd) on the formation 
of the dimethiodides. A glance at the formula of the dimethiodides, 


; _OH 
(MeO)s(agHag0)(OMe)(:NMe,)<Y 02 \T,, will show that the INMe, 


group is not anew asymmetric centre, whilst the nitrogen atom of the 
312 
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rd 
-CH,-NMe group can give rise to enantiomorphism. If the 
™s 


formule for the methiodides (A) and (B) were transposed, we 
should anticipate that the dimethiodides (A) and (B) would give 
rise to stereoisomeric methiodides on decomposition. 

The methylneodihydrobrucidinium salts could not be prepared 
directly from methoxymethyltetrahydrobrucidine because this 
substance, unlike the methoxydihydro-base, is unaffected by 
boiling dilute sulphuric acid. Attempts to obtain these salts by 
the reduction of the methylneobrucidinium salts were unsuccessful, 
as the sulphate was unchanged by electrolytic reduction. Methoxy- 
methyltetrahydrobrucidine dihydrochloride, however, decomposes 
above its melting point in boiling mesitylene, yielding hydrogen 
chloride, methyl alcohol, and methylneodihydrobrucidinium chloride. 
This substance is amorphous, and its aqueous solution forms no 
precipitate with ammonia or potassium hydroxide. When the dry 
chloride is heated, it decomposes without producing methy]l-y- 
dihydrobrucidine (compare this vol., p. 1592). The crystalline 
methylneodihydrobrucidinium iodide is prepared from the chloride by 
means of sodium iodide. 

A number of efforts were made to prepare methyl-y-dihydro- 
brucidine by heating either (i) methoxymethyltetrahydrobrucidine 
methochloride (B), or (ii) methoxymethyltetrahydrobrucidine 
dimethochloride (B), or (iii) methylneodihydrobrucidinium chloride 
In each case, it was evident that decomposition of the rest of the 
molecule preceded the liberation of methyl chloride or of hydrogen 
chloride as the case might be, although the corresponding derivatives of 
strychnidine yield methyl-y-dihydrostrychnidine. We hoped, there- 
fore, that the less stable methoxymethyltetrahydrobrucidine dimetho- 
hydrogencarbonates would decompose more readily, and this proved 
to be the case, The dimethohydrogencarbonates (A) and (B) may be 
prepared by evaporating in an open basin aqueous solutions of the 
corresponding dimethohydroxides, prepared by the action of silver 
hydroxide on the dimethiodides (A) and (B). They are also obtained 
by the action of silver carbonate on the dimethiodides. When 
heated over a flame, the dimethohydrogencarbonate (A) regenerates 
methoxymethyltetrahydrobrucidine, whilst the dimethohydrogen- 
carbonate (B) yields methyl-y-dihydrobrucidine, C,,H3,0,N2, m. P. 
220—221°, which has been characterised further by the preparation 
of a dihydriodide. When heated less vigorously (at 135°), the 
dimethohydrogencarbonate (B) loses only one molecule of carbon 
dioxide and forms methoxymethyltetrahydrobrucidine methohydrogen- 
carbonate (B), which was not purified, but was isolated in the form of 
the methiodide (B) by the action of sodium iodide. 
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EXPERIMENTAL, 


Brucine Methosulphate.—Leuchs and Anderson (Ber., 1911, 44, 
3046) have described the preparation of small quantities of this 
substance by the combination of brucine with methyl sulphate in 
chloroform. The following process was found convenient for large- 
scale operations. Pure methyl sulphate (50 c.c.) is added to a 
suspension of brucine (125 g.) in methyl alcohol (200 c.c.). The base 
dissolves with evolution of heat, and the methosulphate, which 
separates over-night, is collected, washed with a little methyl 
alcohol, and dried first in a vacuum and then at 100°. A further 
quantity is obtained on concentrating the mother-liquors (total 
yield, about 90%). The methosulphate crystallises from ethyl 
alcohol in colourless needles, m. p. 278° (decomp.) (Found : C, 58-2; 
H, 6-5. Cale. : C, 58:5; H, 65%). Leuchs and Anderson give 
m. p. 268°. 

Brucine methiodide is obtained by adding sodium iodide solution 
to an aqueous solution of the methosulphate. It crystallises from 
water in needles, m. p. 295° (decomp.), after drying at 100° (Found : 
C, 53-4; H, 5-4. Cale.: C, 53°7; H, 54%). Claus and Réhre 
(Ber., 1881, 14, 772) prepared this compound by the interaction of 
brucine and methyl iodide, and give the melting point as 290° 
(decomp)., whereas Hanssen (Ber., 1884, 17, 2267) gives 270°. 

Brucine methohydrogencarbonate is prepared from the methiodide 
by shaking a hot aqueous solution with excess of silver carbonate, 
evaporating the filtrate to dryness under reduced pressure on the 
water-bath, and crystallising the residue from ethyl alcohol. It 
forms creamy-yellow plates, m. p. 202—203° (decomp.), which 
retain a molecule of alcohol after drying in a vacuum desiccator, 
and dissolve readily in water (loss at 120°, 10-5. 1EtOH requires 
loss, 9-8°%,. Found in dried material : C, 63-6; H,6-5. C.3H,g0,No, 
MeHCO, requires C, 63-8: H, 6:4°%). 


The Electrolytic Reduction of Brucine. Brucidine and Teira- 
hydrobrucine. 


The success of this reduction depends largely on the temperature 
of the cathode chamber. Thus at 18°, the lowest temperature at 
which the battery of cells could be kept during a prolonged period 
in the absence of ice-cooling, about 68°/, of the weight of brucine 
used was isolated in the form of practically pure brucidine and tetra- 
hydrobrucine. If, on the other hand, the temperature rose to 21°, 
the yield dropped to about 55% of the weight of brucine, and further 
the isolation of the tetrahydrobrucine was made more difficult by 
the presence of gummy substances, which caused the products to 
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become red when exposed to light and air. The formation of these 
could never be entirely avoided, but their amount was diminished 
considerably at the lower temperature. Tafel and Naumann 
(loc. cit.) were troubled by similar unstable by-products if their 
reduction was carried out above 15°. 

The following is a description of a typical experiment, but it must 
be realised that variations occurred in the yields from different 
preparations. A solution of brucine (100 g.) in dilute sulphuric 
acid (300 g. of concentrated acid in 300 c.c. of water) is reduced in 
the usual apparatus (J., 1924, 125, 1798) for 16 hours by a current 
of 5 amps., while the temperature is maintained at 17—18° by 
immersing the cells in running water. The contents of the cathode 
chambers and the aqueous washings of the cells are diluted to about 
twice the volume of the original solution, filtered in order to remove 
some lead sulphate, mixed with ice, and rendered alkaline by ammonia 
(d 0-880). Any rise of temperatute is carefully avoided by the 
addition of ice and by cooling in a freezing mixture. A pale pink 
gum separates and adheres to the walls of the vessel. The liquid i is 
decanted, extracted three times with chloroform (300 c.c. in all), 
and the mixed extracts are then used to dissolve the gum. The 
chloroform solution is washed with water, dried by potassium 


carbonate, and distilled. In order to remove the last traces of 
chloroform, the gummy residue is dissolved in boiling methyl alcohol 
(150 c.c.), and the solution evaporated to dryness on the water-bath. 
The product (100 g.), now a solid, is dissolved in boiling methyl 
alcohol (250 c.c.), and, on cooling, an almost colourless mass of 


crystals separates; this is collected and dried on the water-bath 
(45 g.). It melts at about 199° and is practically pure brucidine 
(see below). The mother-liquors are evaporated to dryness on the 
water-bath, the last traces of solvent being removed under reduced 
pressure; on boiling the semi-solid mass with pure ethyl acetate, a 
part remains undissolved, and after cooling is collected, washed with 
ethyl acetate, and dried in a vacuum (23 g.). It melts at 174° and 
is practically pure tetrahydrobrucine (see below). The mother- 
liquors contain the oily by-products, together with some crystalline 
substances, and their investigation is in progress. 

Brucidine.—The product obtained from the reduction is crystallised 
from methyl alcohol, from which it separates in colourless needles, 
which, after being dried in a vacuum desiccator, shrink at 188—190° 
and melt at 203—203-5° without decomposition. On drying at 
105° brucidine loses one molecule of methyl alcohol of crystallis- 
ation, and then melts at 203—203-5° without decomposition (loss 
at 105°, 7-7. 1MeOH requires loss, 7-9%. Found in dried material : 
C, 72-7; H, 7:3. Cy3H,gO,N, requires C, 72-6; H, 7:4%). It is 
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very slightly soluble in boiling water, and the solution reacts alkaline 
to litmus. It dissolves readily in chloroform, less easily in methyl 
alcohol and ethyl acetate, and only very sparingly in ether. The 
colourless solution of a pure specimen in dilute hydrochloric acid 
slowly acquires a faint olive-green colour; on addition of a few 
drops of sodium nitrite a dark green coloration appears, which 
becomes reddish-brown on standing. When now excess of sodium 
carbonate is added, the colour changes to a very intense claret, which 
passes entirely into chloroform when the liquid is shaken with that 
solvent. These properties agree well with the reactions of the 
substance which Tafel and Naumann describe as ‘ tetrahydro- 
brucine.”” A solution of brucidine in 60°, sulphuric acid * to which 
a drop of an aqueous solution of potassium dichromate has been 
added becomes green on standing. The addition of ferric chloride 
to a solution in dilute hydrochloric acid produces a dark blue-green 
colour, which appears pink when examined in thin layers. These 
colour reactions are also shown by many derivatives of brucidine 
(see p. 1661) and in many cases dilute nitric acid causes the develop- 
ment of a similar green-pink colour. 

The corresponding colour reactions of brucine may be given here for 
comparison. A drop of dichromate imparts a deep red colour to a 
solution in 60% sulphuric acid, but the addition of ferric chloride to 
brucine in dilute hydrochloric acid does not produce a coloration. 

The dihydrochloride is formed when a little concentrated hydro- 
chloric acid is added to a solution of the base in hot methyl alcohol. 
On cooling, the liquid sets to a mass of needles, which are collected 
and recrystallised from methyl alcohol. This salt forms colourless 
needles which begin to darken at 285°, and melt at 310° (decomp.) 
after drying in a vacuum desiccator. A satisfactory analysis of this 
substance was not obtained, as it appears to lose hydrogen chloride 
on drying. There is no doubt, however, that the base combines 
with two molecules of hydrogen chloride. A solution of the di- 
hydrochloride in methyl alcohol is colourless, but on exposure for a 
short time to air it bécomes green; the solution then appears pink 
when examined in thin layers. 

The dihydriodide, prepared by adding sodium iodide to a solution 
of the base in dilute hydrochloric acid, crystallises from water in 
shining, grey needles, m.p. 255° (decomp.), which are only very 
sparingly soluble in hot water. 

The methosulphate. A short, vigorous reaction occurs when pure 
methyl sulphate (8 c.c.) is added to a slightly warm suspension of 


* In the case of brucine and its derivatives the colour reactions are well 
shown in dilute sulphuric acid of 60% by weight, and not by volume (com- 
pare Part IV, this vol., p. 1599). 
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powdered brucidine (20 g.) in methyl alcohol (80 c.c.), and when 
this has subsided the mixture is heated on the water-bath for a few 
moments until the base has completely dissolved. On cooling the 
green solution in ice, the methosulphate separates in excellent yield 
as a mass of colourless needles, which are collected, washed with 
methyl alcohol, and dried in a vacuum desiccator. It is essential 
that the methyl sulphate should be pure and freshly distilled; the 
presence of acid greatly reduces the yield. When prepared in this 
way, the methosulphate is sufficiently pure for most purposes. It 
may be recrystallised from methy] alcohol in colourless needles which 
begin to darken at 270° and melt at 291° (decomp.), are readily 
soluble in water, and become purple or green when kept for some 
time. 

The methiodide is obtained either by the addition of sodium 
iodide to an aqueous solution of the methosulphate, or by adding 
methyl iodide to an ethyl-alcoholic solution of the base. In either 
case, the crystals which separate are recrystallised from water. 
The methiodide forms colourless needles, m. p. 322° (decomp.), 
which are sparingly soluble in methyl or ethyl alcohol (Found : 
C, 55-1; H, 6-0. C,,H,,0,N.,MelI requires C, 55:2; H, 5-9%). 

Tetrahydrobrucine.—The product obtained from the electrolytic 
reduction (p. 1636) is recrystallised from ethyl acetate, in which it is 
sparingly soluble. When prepared in this way, tetrahydrobrucine 
forms colourless needles, m. p. 177° (Found: C, 69-1; H, 7-7. 
Cy3H3,0,N, requires C, 69-4; H, 7-5%), but one of its characteristic 
properties is the power of retaining solvent of crystallisation with 
the resulting production of comparatively low-melting crystalline 
forms. It melts in boiling water, dissolves fairly readily to a solu- 
tion which is alkaline to litmus, and on cooling crystallises in colour- 
less needles; after drying for a short time in a vacuum desiccator, 
these melt to a pasty mass at 90—92°, and evolve water briskly at 
100° (loss at 100°, 14-8. 4H,O requires loss, 15°3%). It is rather 
easily soluble in methyl alcohol, but when a concentrated solution 
is cooled, it crystallises in colourless needles, which, after being dried 
in a vacuum desiccator, melt to a pasty mass at 90—95° (loss at 
100°, 10-4. MeOH requires loss, 10-8), harden on further heating, 
and melt again at 177°. When crystallised from ethyl alcohol, 
tetrahydrobrucine forms colourless needles, which soften at 115° 
and melt at 120° after drying in a vacuum desiccator. These con- 
tain one molecule of ethyl alcohol which is not lost at 90° (Found 
in material dried at 90°: C, 68-4; H, 83. C,sH,,0,N,,EtOH 
requires C, 68-2; H, 82%), but is liberated at 120° (loss at 120°, 
10-0. 1EtOH requires loss, 10-4%). A solution of a pure specimen 
in dilute hydrochloric acid is colourless, but becomes bright green 
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on the addition of a few drops of ferric chloride; this solution does 
not, however, show the pink tinge in thin layers which is charac- 
teristic of brucidine and its derivatives. 

The dihydrochloride is rather readily soluble, but is obtained when 
a little concentrated hydrochloric acid is added to a concentrated 
solution of the base in methyl alcohol. On standing over-night, it 
separates in colourless needles, which are collected, washed with 
methyl alcohol, and dried at 100°. This salt darkens at 280° and 
melts at 305° (decomp.) (Found : C, 58-4; H,7-0. C,,H,,0,N,,2HCI 
requires C, 58-6; H, 6-8°%). 

The dihydriodide is prepared by adding sodium iodide to a solution 
of tetrahydrobrucine in dilute hydrochloric acid. The green colour 
of the solution disappears, and a yellow gum separates which slowly 
crystallises on rubbing. When recrystallised from ethyl alcohol, it 
forms colourless plates, which darken at 220° and melt at 225° 
(decomp.). 

The methiodide is readily obtained by warming a solution of the 
base and an excess of methyl iodide in methyl alcohol for a few 
moments until crystallisation begins. After cooling, the colourless 
needles of the methiodide are collected, washed, and dried in a 
vacuum desiccator; they then melt at 290° (decomp.) (loss at 100°, 
5:3. 1MeOH requires loss, 5°5°%. Found in material dried at 100° : 
C, 53-5; H, 6-3. C,3Hs,0,N,,Mel requires C, 53-3; H, 6-1%). 

The nitrosoamine. Sodium nitrite (0-5 g.) in a little water is 
added gradually to a cooled solution of tetrahydrobrucine (2 g.) in 
hydrochloric acid (20 c.c. of 2N). The yellow crystals are collected, 
washed with dilute hydrochloric acid, and recrystallised from ethyl 
alcohol. Tetrahydrobrucine nitrosoamine hydrochloride forms buff- 
coloured needles, which, after drying in a desiccator, darken and 
shrink at 190°, have become black at 250°, and melt at 288° (decomp.) 
(loss at 100°, 8-5. EtOH requires loss, 9-0°%. Found in material 
dried at 100°: Cl, 7-5. C,,H,,0,N;,HCl requires Cl, 7-6%). 

When sodium carbonate is added to an aqueous solution of the 
hydrochloride, the nitrosoamine separates in needles. It is collected, 
washed, and recrystallised from dilute ethyl alcohol, separating in 
lemon-yellow needles which shrink at 205° and melt at 213—214° 
(decomp.) (Found: C, 64:2; H, 6-7. C,,H,,0;N, requires C, 64-6; 
H, 6-8%). It is readily soluble in ethyl alcohol, and gives Lieber- 
mann’s nitroso-reaction. 


The Conversion of Tetrahydrobrucine into Brucidine. 


A mixture of tetrahydrobrucine (5 g.) and phosphorus oxychloride 
(50 g.) is warmed on the water-bath for about 30 minutes ; hydrogen 
chloride is evolved, whilst the base becomes gummy, partly dissolves, 
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and soon changes to a mass of crystals. The excess of phosphorus 
oxychloride is removed by distillation on the water-bath under 
reduced pressure, and the residue is dissolved in water (25 c.c.), 
much heat being produced. After cooling and addition of ice, the 
solution is mixed with potassium hydroxide, and the semi-solid 
precipitate is collected on a glass rod, drained as thoroughly as 
possible, and boiled with a little methyl alcohol. The product 
becomes crystalline, and after cooling it is collected, washed with 
methyl alcohol, and dried at 100° (yield 3-6 g.; 75% of that 
theoretically possible). The crystals melt at 203—203-5° either 
alone or when mixed with a specimen of brucidine. 


The Electrolytic Reduction of Methylbrucine. Brucidine Metho- 
hydroxide and Metho-salis. 


Methylbrucine.—The conversion of brucine methosulphate into 
methylbrucine does not take place under conditions similar to 
those under which strychnine methosulphate yields methylstrych- 
nine (this vol., p. 1624), because the methosulphate is precipitated 
unchanged by the alkali. If, however, a higher temperature and 
more concentrated potassium hydroxide are used, the liquid sets 
to a gelatinous mass, which certainly contains methylbrucine, but 
which can be neither crystallised nor purified. Methylbrucine was 
therefore prepared by a modification of the method of Leuchs and 
Anderson (loc. cit., p. 3047), who used less concentrated alkali. 
Hot, dilute sodium hydroxide solution (200 c.c. of 2-5N) is added in 
one batch to a hot solution of brucine methosulphate (10 g.) in 
water (50 c.c.), and the mixture is heated on the water-bath for 5 
minutes. On cooling, the yellow solution does not gelatinise 
(compare Leuchs and Anderson); sodium hydroxide (20 c.c. of 30%) 
is now added, and the mixture set aside. Next day, the needles, 
which fill the liquid, are collected, and are sufficiently pure for the 
purpose of the reduction described below. When purified by the 
addition of acetone to a concentrated aqueous solution, and dried 
at 100°, methylbrucine forms colourless needles, m. p. 300° (decomp.) 
when heated quickly. Leuchs and Anderson give the melting 
point as 300° (decomp.). 

The reduction. A solution of methylbrucine (20 g.) in sulphuric 
acid (100 c.c. of 60%) is reduced in the usual apparatus for 6 hours 
with a current of 5 amps., while the temperature is kept at 18° by 
cooling in running water. The liquid is diluted with an equal 
volume of water, heated on the water-bath, and neutralised by an 
excess of barium carbonate. The deep red filtrate, mixed with the 
washings of the barium precipitate, is evaporated to dryness under 
reduced pressure on the water-bath. The dark red, glassy residue 
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dissolves readily in water or methyl or ethyl alcohol, and shows very 
little tendency to crystallise. A small specimen, however, was 
obtained in a crystalline condition from methyl alcohol by cooling 
in ice. It was recrystallised once from that solvent in colourless 
nodules of needles, m. p. 265° (decomp.) after drying in a vacuum 
desiccator, and appears from analysis to be brucidine methohydrogen- 
carbonate containing two molecules of water (Found: C, 60-3; H, 
71. C.;H5.0,N,,2H,O requires C, 61:0; H, 7-°3%). This view is 
confirmed by the conversion of this substance into brucidine meth- 
iodide and methohydroxide (see below), and also by its interaction 
with dilute hydrochloric acid. Carbon dioxide is evolved, and the 
substance dissolves to a green solution ; the addition of ferric chloride 
intensifies this colour, and gives it the pink tinge in thin layers which 
is characteristic of brucidine and its derivatives. 

When sodium iodide is added to an aqueous solution of the metho- 
hydrogencarbonate, brucidine methiodide is formed. It separates 
from water in colourless needles, m. p. 322° (decomp.), and is 
identical with a specimen prepared from brucidine (p. 1638). 

Brucidine methohydroxide is obtained by grinding the crude 
methohydrogencarbonate with 30° potassium hydroxide solution. 
The resulting crystalline paste is filtered, and the solid recrystallised 
twice from water, in which it dissolves very readily. Brucidine 
methohydroxide forms colourless, hair-fine needles, m. p. 268° 
(decomp.), which retain two molecules of water after drying in a 
vacuum desiccator (Found : C,64-1; H, 7-6. C,3;H,g0,N,,MeOH,2H,O 
requires C, 64:3; H, 8-0%). The same substance was prepared for 
comparison from brucidine methiodide. An aqueous solution of 
the methiodide was shaken with an excess of silver carbonate, and 
the dark red filtrate evaporated to dryness under reduced pressure 
on the water-bath. The residual dark red glass (not purified) was 
dissolved in water, and mixed with 50% potassium hydroxide 
solution; brucidine methohydroxide then separated in crystalline 
form, and was recrystallised from a little water in colourless needles, 
m. p. 268° (decomp.). 

The specimen obtained from the reduction of methylbrucine was 
converted into brucidine methiodide either (i) by adding sodium 
iodide to a solution in dilute hydrochloric acid, or (ii) when a solu- 
tion of the methohydroxide (4 g.) and methy] iodide (10 c.c.) in ethyl 
alcohol (30 c.c.) was boiled for 10 minutes, and then cooled. In 
either case, the crystalline precipitate which separated was recrystall- 
ised from water, and formed colourless needles, m. p. 322° (decomp.) 
(Found: C, 55-1; H, 6-1. C,gH,gO,N,,Mel requires C, 55-2; H, 
59%). The identity of this substance with brucidine methiodide 
was confirmed by converting it into methoxymethyldihydrobrucidine 
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(see below), which is formed by heating brucidine metho-salts with 
methyl-alcoholic potassium hydroxide. Brucidine methochloride 
(not purified), prepared by shaking with an excess of silver chloride 
an aqueous solution of the methiodide obtained above, and evaporat- 
ing the filtrate to dryness under reduced pressure on the water-bath, 
was heated with a large excess of 25% methyl-alcoholic potassium 
hydroxide for 30 minutes, cooled, mixed with water, and the preci- 
pitate collected. Crystallisation from ethyl alcohol yielded colour- 
less needles, m. p. 115° either alone or mixed with an authentic 
specimen of methoxymethyldihydrobrucidine. 

Methoxymethyldihydrobrucidine.—A mixture of brucidine metho- 
sulphate (30 g.) and methyl-alcoholic potassium hydroxide (150 c.c. 
of 25%) is heated on the water-bath for 30 minutes in an open 
flask so that the methyl alcohol partly evaporates. The initial 
yellow solution gradually clouds and deposits a solid precipitate 
which increases on cooling in running water. Water (500 c.c.) is 
added, and the precipitate is collected after 1 hour, washed with 
water, and dried roughly on porous tile. The crude product is 
crystallised from ethyl alcohol, from which about 20 g. of pure 
material separate, and the addition of water to the mother-liquor 
yields a further quantity of practically pure substance (total yield, 
ca. 90%). Methoxymethyldihydrobrucidine forms colourless 
needles, m. p. 115° without decomp. after drying in a vacuum 
[Found: C, 70-2; H, 7-8; OMe, 21-9. C,;H,,0,N, requires C, 
70-4; H, 8-0; (OMe),, 21-8%]. It distils without decomposition at 
265—267°/1-5 mm., and is rather readily soluble in the usual solvents 
except light petroleum. A solution in glacial acetic acid is not pre- 
cipitated on addition of water. The base and its solutions become 
red on keeping, especially if exposed to laboratory fumes. 

The dihydriodide. The addition of sodium iodide to a solution 
of methoxymethyldihydrobrucidine in dilute sulphuric acid produces 
a red, uncrystallisable oil, which rapidly oxidises, but when con- 
centrated sodium iodide solution is added slowly with constant 
stirring to a solution of the base (5 g.) in 2N-sulphuric acid (20 c.c.), 
saturated with sulphur dioxide, an additive compound separates as 
a brick-red oil which soon crystallises on rubbing. This is collected 
(approximately 8 g.), and boiled with water until the orange colour 
of the solution and the smell of sulphur dioxide have disappeared ; 
the dihydriodide then crystallises on cooling in colourless leaflets, 
m. p. 217—218° (decomp.) (loss at 100°, 3-5. 14H,O require loss, 
38%. Found in material dried at 100°: C, 43-8; H, 5:3. 
C,;H,0,N.,2HI requires C, 44:0; H, 53%). The crystals become 
yellow on keeping, on exposure, or on drying, and when heated char 
and evolve hydrogen iodide. 
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The methiodide (A). This substance is obtained under the 
following conditions. (i) Methoxymethyldihydrobrucidine (10 g.) 
and pure methyl iodide (15 c.c.) are heated together at 100° in a 
sealed tube for 5 minutes. The solution becomes purple and fills 
with crystals, which are collected after cooling, washed with methyl 
iodide, and dried in a vacuum (12 g.). The mother-liquors deposit 
a further amount (1 g.) on standing over-night. The yield is about 
98%. (ii) A mixture of methoxymethyldihydrobrucidine (15 g.) 
and methyl iodide (15 c.c.) is boiled under reflux for 15 minutes, and 
next day 13—15 g. of crude product are collected. The methiodide 
obtained by either method separates from methyl alcohol in creamy 
tablets which become chalky when dried in a vacuum; m. p. 190° 
(loss at 100°, 2-6. 0-5MeOH requires loss, 2:8%. Found in 
material dried at 100°: C, 55-1; H, 6-5; N, 4-9. C,;H,,0,N.,Mel 
requires C, 55:0; H, 6-5; N, 49%). It crystallises from water in 
stout prisms, m. p. 190°, or from ethyl alcohol in rectangular plates, 
m. p. 179°, which contain alcohol of crystallisation (loss at 100°, 
36. 0-5EtOH requires loss, 3-9°%. Found in dried material : 
C, 55:2; H, 6-7%). It yields the methochloride (A) when treated 
with silver chloride (see below). 

The methyl-alcoholic mother-liquors gradually deposit a very 
small amount of crystalline material which does not contain iodine. 
This is recrystallised by dissolving it in much methyl alcohol and 
concentrating the solution; oxymethoxymethyldihydrobrucidine then 
separates in pink bipyramids, which shrink at 270° and melt at 277° 
(decomp.) (Found: C, 67-3; H, 7-6. C,;H,,0;N, requires C, 67-9; 
H,7-7%). The same substance may be obtained in greater quantity 
by a simpler method. When a solution of methoxymethyldihydro- 
brucidine in ethyl alcohol containing a few crystals of iodine is 
exposed to the air for some days, the solution becomes deep crimson, 
and gradually deposits oxymethoxymethyldihydrobrucidine as 
pale pink, perfectly formed prisms, which soften at 270°, melt at 
277°, and are analytically pure (Found: C, 67-6; H, 7-8; N, 6-1. 
C,;H,,0,N, requires N, 6-3%). It is very sparingly soluble in ethyl 
alcohol or acetone, but dissolves in warm benzene, and is readily 
soluble in chloroform. It is insoluble in boiling water or sodium 
hydroxide, but dissolves readily in dilute hydrochloric acid. When 
it is boiled with methyl alcohol (charcoal) and the filtered solution 
is concentrated, a slightly more soluble base separates in irregular, 
boat-shaped crystals, m. p. 270° (decomp.), which appear from the 
analysis to be dioxymethorymethyldihydrobrucidine (X) (compare 
pp. 1647, 1648) (Found: C, 65-5; H, 7-4. C,;H,,0,N, requires 
C, 65:5; H, 7-4%). 

When methoxymethyldihydrobrucidine and methyl] iodide inter- 
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act in methyl-alcoholic solution the reaction follows a course very 
similar to that, described above, in the absence of methyl alcohol, 
and the chief product is the monomethiodide (A), accompanied by 
small quantities of oxymethoxymethyldihydrobrucidine (compare 
Part IV, this vol., p. 1607). In addition to these substances, an 
intermediate base, m. p. about 210—218°, appears to be formed. 
This does not contain iodine, and changes into oxymethoxymethy]l- 
dihydrobrucidine in boiling methyl alcohol or acetone, in which 
solvents it is sparingly soluble. This substance was not obtained 
sufficiently pure for analysis, and the change evidently takes place 
so readily that the intermediate product did not appear in some 
experiments, but had been completely converted into oxymethoxy- 
methyldihydrobrucidine. The following is an account of an experi- 
ment in which the intermediate base was formed. <A mixture of 
methoxymethyldihydrobrucidine (5 g.) and methyl iodide (5 c.c.) 
in methyl alcohol (25c.c.) was boiled under reflux for 3 hours, and then 
concentrated to half its volume. The residue was cooled for 
several hours in ice and salt, and the crystals which had separated 
were collected, washed with methyl alcohol, and dried (3 g.). The 
mother-liquors were examined separately (see below). The crude 
crystals were extracted with boiling methyl alcohol (20 c.c.), and 
the insoluble portion was collected, washed thoroughly with methyl 
alcohol, and dried (0-2 g.). It consisted of indefinite crystals, 
m. p. 210°, which did not contain iodine. The methyl-alcoholic 
extract contained practically pure methiodide (A). 

The methyl-alcoholic mother-liquors (see above) were mixed with 
water, and the solid was collected and extracted with boiling methyl 
alcohol. The insoluble portion (0-1 g.) formed indefinite crystals, 
m. p. 218°, which did not contain iodine. Oxymethoxymethyl- 
dihydrobrucidine separated in the characteristic bipyramids, m. p. 
277°, when a solution of the mixed fractions, m. p. 210° and 218°, in 
much boiling methyl] alcohol was concentrated and cooled. 

The Action of Methyl-alcoholic Potassium Hydroxide on the 
Methiodide (A) and the Methochloride (A).—The reaction follows the 
same course in both cases, but takes place more readily with the 
methochloride. This is prepared from the methiodide by heating an 
aqueous solution with excess of silver chloride for 1 hour, and 
evaporating the filtrate to dryness on the water-bath under reduced 
pressure. The gummy methochloride crystallises in colourless needles 
on standing for some days. The methochloride (7 g.) and methyl- 
alcoholic potassium hydroxide (60 c.c. of 25%) are heated in an open 
flask on the water-bath for 40 minutes, and after cooling and addi- 
tion of water, the precipitate is collected and dried in a desiccator 
(5 g.). Recrystallisation of this crude material from ethyl alcohol 


STRYCHNINE AND BRUCINE. PART V. 1645 


yields colourless needles; m. p. 115°, either alone or mixed with a 
specimen of methoxymethyldihydrobrucidine (Found: C, 70-6; 
H, 7-8; OMe, 21-4%). A careful examination of the mother- 
liquors yields no other product. 

Methoxymethyldihydrobrucidine methochloride (B) cannot be 
obtained directly from methoxymethyldihydrobrucidine, but it is 
formed when methoxymethyldihydrobrucidine dimethochloride (B) 
(compare p. 1647) (15 g.) is heated in boiling nitrobenzene (30 c.c.) 
until all has dissolved and the evolution of gas appears to have 
ceased—-10 to 15 minutes. After standing over-night, the crystals 
which have separated are collected, washed with light petroleum, 
dried in a desiccator (10 g.), and crystallised from acetone, being 
thus obtained in colourless prisms, m. p. 164° (decomp.) (Found : 
C, 64:9; H, 7-4. C,;H,sO,N,,MeCl requires C, 65-5; H, 7-8%). 
This substance yields methyl-y-brucidine when heated gently in a 
test-tube over a free flame (compare p. 1651). The nitrobenzene 
mother-liquors contain both methyl-y-brucidine and methyl-y- 
brucidine methochloride ; their examination is described on p. 1652. 

The methiodide (B) is prepared from the methochloride with 
sodium iodide, but has not been obtained in any other way. It 
crystallises from water in colourless, coarse prisms, m. p. 291° 
(decomp.), and is less soluble in water and methyl or ethyl] alcohol 
than the isomeric methiodide (A). 

The dimethiodide (A) is obtained when methoxymethyldihydro- 
brucidine (5 g.) and pure methyl iodide (10 c.c.) are heated in a 
sealed tube in an oil bath at 135—140° for 7} hours. After removal 
of the methyl iodide by distillation, the brown, sandy powder 
(8-5 g.) is crystallised from methyl alcohol (charcoal), from which 
the dimethiodide (4°5 g.) separates in pink leaflets which become 
colourless at 110°, form a pasty mass at 215°, and evolve gas freely 
at 230° (loss at 110°, 8-6. 2MeOH requires loss, 8-3%. Found 
in material dried at 110°: C, 45:3; H, 5:5. C,;H,,0,N,,2MeI 
requires C, 45-6; H, 5-6%). 

The methosulphate (A) is formed when a solution of methoxy- 
methyldihydrobrucidine (3 g.) and pure methy] sulphate (10 c.c.) in 
dry benzene (70 c.c.) is boiled under reflux for 4 hours and allowed 
to remain over-night. A mixture of stellar aggregates of coarse 
crystals and a purple gum separates, and the crystals of the 
monomethosulphate are easily detached and pressed on porous 
tile (1:7 g.). The gum consists essentially of the dimetho- 
sulphate (B) (see below). The methosulphate is crystallised from 
ethyl alcohol, in which it is rather readily soluble, and forms 
colourless, rectangular plates, m. p. 231—232° (decomp.) (Found: 
8, 60. C,;H,,0,N.,Me,SO, requires S, 5°8%). This substance is 
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very soluble in water and is converted by sodium iodide into the 
methiodide (A), m. p. 190°. 

The Dimethosulphate (B) and the Dimethiodide (B).—-A solution of 
carefully dried methoxymethyldihydrobrucidine (60 g.) and pure 
methyl sulphate (150 c.c.) in dry benzene (500 c.c.) is boiled for 9 
hours under reflux, carefully protected from moisture. It rapidly 
becomes purple, and after some time a brown gum forms slowly and 
increases steadily with diminution of the purple colour. After the 
benzene has been decanted, the gum is washed with benzene, and 
freed from excess of the solvent by a current of air. It undoubtedly 
consists essentially of the dimethosulphate (B), although traces of 
benzene and methyl sulphate are still present, but all attempts to 
crystallise it are unsuccessful, and it is therefore converted into the 
corresponding dimethiodide by sodium iodide. Sodium iodide 
(100 g.) in warm water (40 c.c.) is added to the dimethosulphate in 
warm water (100 c.c.) and, after cooling, the mixture is scratched 
and set aside over-night. The crystalline precipitate is collected, 
washed with water, dried in a vacuum desiccator (84 g.), and re- 
crystallised from water. The dimethiodide (B) forms colourless 
columns, m. p. 290° (decomp.), with darkening below this, and is 
sparingly soluble in alcohol (loss at 105°, 1-0. 4H,O requires loss, 
1-2%. Found in dried material :C, 45-0; H, 5-5. C,;H,,0,No.2Mel 
requires C, 45-6; H, 5-6%). 

The mother-liquors from the precipitation with sodium iodide 
are mixed with 50% potassium hydroxide solution; the caseous 
precipitate then soon hardens. It is washed roughly with water, 
and boiled with alcohol, which causes it to crystallise without 
passing into solution. After cooling, the crystals are collected 
(13 g.), and recrystallised from water, being obtained in colourless 
columns, m. p. 290° (decomp.), identical with those obtained by 
direct precipitation from the solution of the dimethosulphate with 
sodium iodide (loss at 105°, 1:1%. Found in dried material: 
C, 45:5; H, 54%). The total yield is 97 g., or 96% of that 
theoretically possible. 

The dimethiodide is stable to 25% methyl-alcoholic potassium 
hydroxide at 120°, but reaction takes place with the corresponding 
dimethohydrogensulphate obtained by means of silver sulphate. 
The dimethiodide (10 g.) in water (75 c.c.) is heated on the water- 
bath for 1 hour with excess of silver sulphate, the filtrate is evaporated 
to dryness under reduced pressure on the water-bath, the residue 
taken up in methyl alcohol to eliminate silver sulphate, and the 
solution again evaporated to dryness. The gummy dimetho- 
hydrogensulphate thus obtained (not isolated) is mixed with methyl- 
alcoholic potassium hydroxide (100 c.c. of 25%) and heated in an 
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oil-bath for 45 minutes while the temperature is gradually raised 
from 110° to 130°. After cooling and addition of water, the 
roughly dried, sandy powder is crystallised from ethyl alcohol, and 
shown to be identical with methoxymethyldihydrobrucidine by 
mixed m. p., and by conversion into the methiodide (A), m. p. 190°. 

The dimethochloride (B), prepared in the usual way from the 
dimethiodide by silver chloride, is a colourless glass which could not 
be crystallised. 

Nitromethoxymethyldihydrobrucidine.—A solution of methoxy- 
methyldihydrobrucidine (3 g.) in water (75 c.c.) and nitric acid 
(21-4; 7-5 c.c.) is heated under reflux on the water-bath for 2 hours. 
From the cooled mixture, ammonia (d 0-880) precipitates a negli- 
gible quantity of a base, which is discarded, and the addition of 
50% potassium hydroxide solution yields a mixture of tar and 
crystals which is pressed on porous tile, crystallised twice from ethyl 
alcohol, and dried in a desiccator. Nitromethoxymethyldihydro- 
brucidine forms colourless needles, m. p. 276—278° (decomp.), which 
contain alcohol of crystallisation (loss at 110°, 9-6. 1EtOH requires 
loss, 98%. Found in material dried at 110°: C, 63-9; H, 7-0; 
N, 9:2. C,;H,,0,N, requires C, 63-7; H, 7-1; N, 8-9%). It is 
rather curious that this substance exhibits the brucidine reaction 
with 60° sulphuric acid and potassium dichromate. 


Permanganate Oxidation of Methoxymethyldihydrobrucidine. The 
Isomeric Dioxymethoxymethyldihydrobrucidines (Y) and (Z). 


A number of experiments showed the necessity of adhering to the 
conditions described below. Powdered (80-mesh) potassium per- 
manganate (20 g.; 4 atoms of oxygen) is added gradually to a 
solution of methoxymethyldihydrobrucidine (20 g.) in purified 
acetone (800 c.c.), stirred mechanically, and cooled in ice and salt 
so that the internal temperature remains at —10°. The manganese 
precipitate, collected and washed with acetone, yields with water a 
solution in which only oxalic acid can be detected. 

The removal of the acetone by distillation yields 12—15 g. of thick, 
brown oil. When this is dissolved in warm alcohol (15 c.c.), cooled, 
and scratched, 2-5—2:8 g. of fairly pure crystalline material separate. 
(The examination of the mother-liquors, called M, is described on 
p. 1648.) Recrystallisation from ethyl alcohol yields colourless 
prisms, m. p. 185—186°, which appear from the analyses to be 
dioxymethoxymethyldihydrobrucidine (called Y; compare p. 1643) 
(loss at 100°, 4-4. 4EtOH requires loss, 48%. Found in dried 
material: C, 65-3; H, 7-6; N, 6-3. C,;H,,0,N, requires C, 65-5; 
H,7-4; N,6-1%). This substance is insoluble in water or alkali, but 
teadily dissolves in dilute hydrochloric acid, giving a green solution ; 
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on addition of ammonia, the base is precipitated and the colour 
changes to red. The compound is recovered unchanged after 
boiling for a few minutes with acetic anhydride, and attempts to 
form a semicarbazone resulted in a dark red, uncrystallisable oil. 

The methiodide is prepared by heating the base (2 g.) and methyl 
iodide (3 c.c.) in a sealed tube at 100° for-5 hours. The residue is 
pressed on porous tile, and separates from ethyl alcohol as a mixture 
of plates and needles, m. p. 223°. On recrystallisation from ethyl 
alcohol, both forms separate again, but when the mixture is boiled 
with insufficient alcohol for complete solution, the needles dissolve 
more rapidly, and ultimately the undissolved portion consists of 
plates only. These are collected and recrystallised, by seeding, 
from ethyl alcohol, separating in colourless plates, m. p. 225—226°, 
which lose nothing at 110° (Found: C, 52-3; H, 6-4. C,;H,,0,N,,Mel 
requires C, 52-0; H, 6-2°%). When the hot alcoholic solution from 
the separation of plates and needles is cooled and set aside, it 
begins to deposit needles only, and on scratching, the material 
separates entirely in that form; but if allowed to remain undis- 
turbed, the mixture of crystals again separates. The needles are 
recrystallised in the same form, m. p. 223—224°, from ethyl alcohol, 
and contain 2 molecules of alcohol of crystallisation after drying in 
a vacuum desiccator (loss at 110°, 12-1.. 2EtOH requires loss, 
13:3%. Found in material dried at 110°: C, 52-2; H, 6-4%). 
Both forms are sparingly soluble in ethyl alcohol, and a hot solution 
of each in that solvent, when cooled and seeded with the other form, 
deposits only that by which it has been seeded. A mixture of the 
two pure forms melts at 223°. 

The alcoholic mother-liquors (M; p. 1647) are evaporated to dry- 
ness, and a filtered, aqueous solution of the residue is made strongly 
alkaline with potassium hydroxide. The oil thus precipitated is 
extracted as far as possible with ether, and the extract dried with 
potassium carbonate. The oil which remains undissolved in the 
ether yields no crystalline product, and is discarded. The oily 
residue from the evaporation of the ether is dissolved in ethyl 
alcohol (5 c.c.), cooled in ice and salt, and scratched frequently; 
crystals (3-2 g.) then separate slowly. Three recrystallisations from 
ethyl alcohol yield colourless, square plates, m. p. 110—111° after 
drying in a vacuum desiccator, which appear from analysis to be 4 
dioxymethoxymethyldihydrobrucidine (called Z) (loss at 100°, 4-0. 
LEtOH requires loss, 4-8°,. Found in material dried at 100°: 
C, 65-0, 65:1; H, 7-6, 7-5; N, 5:8. C,;H,,0,N, requires C, 65:5; 
H, 7-4; N,6-1%,). This substance is sparingly soluble in cold water, 
dissolves readily on heating to give a neutral solution, and on cooling 
separates in colourless, rectangular prisms. It is readily soluble in 
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the usual organic solvents except light petroleum, from which it 
crystallises when a hot solution is cooled, and gives the same colour 
reactions as methoxymethyldihydrobrucidine. It dissolves rapidly 
in cold dilute hydrochloric acid, but no iodide separates with 
sodium iodide. The compound is recovered unchanged after 
heating with excess of methyl iodide in a sealed tube at 100° for 
4 hours, and an alcoholic solution does not form a sparingly soluble 
picrate. 

Ethoxymethyldihydrobrucidine.—This substance was prepared in 
order to ascertain whether alkyloxy-groups other than methoxyl 
can be introduced into brucidine. The action between brucidine 
methosulphate and sodium ethoxide follows a similar course to 
that described on p. 1642 with methyl-alcoholic potassium hydroxide, 
but the isolation of the product was not successful, and further 
investigation was abandoned. Brucidine methosulphate (15 g.) 
and a solution of sodium (10 g.) in ethyl alcohol (150 c.c.) were 
heated in an open flask for 1 hour on the water-bath and then for 
1 hour in an oil-bath at 120°. After cooling and addition of water, 
the sticky precipitate was pressed. on porous tile. Attempts to 
crystallise the sandy powder (10 g.) thus obtained were fruitless, 
although it probably consisted of ethoxymethyldihydrobrucidine, 
and it was converted into the methiodide by boiling with excess of 
methyl iodide in ethyl alcohol (15 c.c.) for 20 minutes. On cooling, 
the purple solution set to a mass of crystals, which were washed with 
alcohol until they became colourless. Hthorymethyldihydrobrucidine 
methiodide, recrystallised from ethyl alcohol, forms colourless 
needles, m. p. 176° (decomp.) (Found: C, 55-6; 4H, 7-1. 
C,g,H;,0,N.,Mel requires C, 55-6; H, 6-9°). 


Methylneobrucidinium Salts. 


Methylneobrucidinium Todide-—When a solution of methoxy- 
methyldihydrobrucidine (25 g.) in sulphuric acid (250 c.c. of 10°% 
by weight) is boiled gently under reflux for 24 hours it becomes red, 
and methyl alcohol is evolved and can be burnt at the neck of the 
flask. The solution is cooled, rendered alkaline with ammonia (no 
precipitate), and just acidified with sulphur dioxide. The careful 
addition of concentrated sodium iodide precipitates a crystalline 
iodide (22 g.), which separates from water in stout, pink columns, 
m. p. 298° (decomp.) (Found: C, 55:3; H, 6-0. C,,H,,O,N,I 
requires C, 55-2; H, 5-9%). When prepared in this way, the salt 
is always red; it may, however, be obtained practically colourless 
by crystallisation from aqueous potassium carbonate, or from ethyl 
alcohol, from which it separates in leaflets, m. p. 298° (decomp.). 
It is sparingly soluble in cold water, acetone, or methyl or ethyl 
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alcohol, and crystallises unchanged when a boiling solution in 30°% 
potassium hydroxide is cooled. 

The mother-liquors from the precipitation by sodium iodide (see 
above) were investigated in the expectation of isolating an isomeric 
iodide (compare methylneostrychnidinium iodide, this vol., p. 1612), 
but only a further quantity of the same methylncobrucidinium 
iodide was obtained, the total yield being 90° of that theoretically 
possible. The mother-liquors are concentrated to quite a small 
volume under reduced pressure on the water-bath, and after cooling, 
the aqueous layer is decanted from the oil which has separated during 
the distillation. This oil crystallises on being boiled with a little 
acetone; part dissolves, crystallisation begins suddenly, and the oil 
soon changes into a mass of colourless needles. After cooling, these 
are collected, washed with acetone, and dried (5 g.); m. p. 295° 
(decomp.). One recrystallisation from water yields the iodide in 
colourless, prismatic columns, m. p. 298° (decomp.). The identity 
of this substance with the methylneobrucidinium iodide obtained 
above was shown by seeding an aqueous solution with a crystal of 
the authentic material. 

Methylneobrucidinium chloride is prepared from the iodide in 
the usual way by silver chloride. When sulphur dioxide is passed 
into the dark red filtrate after this has been concentrated on the 
water-bath under reduced pressure, slightly sticky, yellow needles 
separate; these are triturated with hot acetone, which causes the 
compound to crystallise in beautiful prisms. Methylneobrucidinium 
chloride crystallises from absolute alcohol, in which it is rather 
readily soluble, in colourless, anhydrous needles, m. p. 188°, which 
absorb moisture on keeping and then melt at about 163°.. On 
addition of ether to an alcohol—acetone solution, the chloride forms 
pale yellow, waxy prisms, m. p. 163°, which retain a molecule of 
water of crystallisation after being heated at 100° (Found : C, 63-9; 
H, 7:5. C,,H;,0,N,Cl,H,O requires C, 64-2; H, 7-4%). It dis- 
solves readily in water, and is precipitated unchanged as a rapidly- 
crystallising oil by 50° potassium hydroxide solution. The 
colour reactions with ferric chloride in hydrochloric acid are identical 
with those given by methoxymethyldihydrobrucidine, and are also 
produced by silver nitrate in dilute nitric acid, whilst the addition 
of a drop of potassium dichromate to a solution in 60° sulphuric 
acid develops a yellowish-brown colour which does not alter on 
standing. After the chloride has been heated with 25°, methyl- 
alcoholic potassium hydroxide on the water-bath for 30 minutes in 
the usual way, the addition of water precipitates a base, which 
crystallises from ethyl alcohol in colourless needles, m. p. 115°; the 
base melts at the same temperature in admixture with methoxy- 
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methyldihydrobrucidine. The chloride yields methyl-y-brucidine 
when heated (see p. 1652). In order to test the possibility of reducing 
methylneobrucidinium salts, the sulphuric acid solution obtained 
directly from methoxymethyldihydrobrucidine was reduced in the 
usual apparatus for 18 hours with a current of 4:5 amps. The con- 
tents of the colourless solution, which began to redden as soon as the 
current was switched off, were isolated as the iodide in the manner 
described above. This iodide formed colourless prisms, m. p. 298° 
(decomp.), which were identical with a very pure specimen of methyl- 
neobrucidinium iodide (Found : C, 55-6; H,6-0%). The fact that 
reduction had not taken place was confirmed by converting the 
corresponding chloride, m. p. 188°, into methyl-y-brucidine by heat- 
ing. 

Methyl-w-brucidine.—This substance is prepared either’(i) from 
methoxymethyldihydrobrucidine dimethochloride (B) or (ii) from 
methylneobrucidinium chloride. 

(i) Methoxymethyldihydrobrucidine dimethochloride (B) (27 g.), 
free from inorganic material, is heated gently over a flame in test- 
tubes in batches of 3 g. until the evolution of methyl chloride and 
inflammable gas ceases. The clear, glassy residue is dissolved in 
benzene, the solution filtered from a little charred material, and the 
solvent distilled; the crystalline solid (16-5 g.), m. p. 194°, thus 
obtained is recrystallised from ethyl alcohol. Pure methyl-y- 
brucidine forms colourless tablets, m. p. 198—199° without decom- 
position [Found: C, 72-8; H, 7-7; N, 7:4; OMe, 15-7; M, in 
camphor, 430. C,,H3,0,N, requires C, 73-1; H, 7:6; N, 7-1; 
(OMe),, 14:9%; M, 394]. It is, however, often green, melting at 
about 196°, but in this condition is sufficiently pure for most purposes. 
It is insoluble in water, readily soluble in benzene, acetone, and 
dilute acetic acid, and is stable to boiling 20° potassium hydroxide 
solution. A solution in dilute sulphuric acid instantly decolorises 
permanganate, forming the characteristic green solution with the 
pink tinge which is also produced by ferric chloride in dilute hydro- 
chloric acid or ethyl alcohol. The base is recovered unchanged after 
being electrolysed in 25°, sulphuric acid for 9 hours with a current 
of 4-5 amps. in the usual apparatus, or after being shaken in cold 
dilute acetic acid solution in an atmosphere of hydrogen in presence 
of reduced palladous chloride and gum arabic. 

The dihydriodide, prepared by adding sodium iodide to a solution 
of the base in dilute hydrochloric acid, crystallises from water in 
leaflets, m. p. 259° (decomp.) (Found in material dried at 100°: 
C, 44:1; H, 4:9. C,,H,,0,N,,2HI requires C, 44-3; H, 4-9%). 

The methiodide is formed (a) directly from methyl-y-brucidine, 
or (b) from methoxymethyldihydrobrucidine dimethochloride (B). 
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(a) Powdered methyl-y-brucidine (1 g.) and methyl iodide (3 c.c.) 
react at once in the cold to form a jelly which rapidly crystallises, 
The methiodide, obtained thus in theoretical yield, separates from 
methyl alcohol in colourless plates, m. p. 297° (decomp.) (Found : 
C, 55:8; H, 6-1. C,,H,,0,N,,MeI requires C, 55:9; H, 6-1%). 
Occasionally it -crystallises in needles, m. p. 297°, which change 
slowly into plates in presence of methyl alcohol. 

(6) The nitrobenzene mother-liquors from the action of boiling 
nitrobenzene on methoxymethyldihydrobrucidine dimethochloride 
(B) (compare p. 1645) contain a small quantity of methyl-y-brucidine 
methochloride and also a little methyl-y-brucidine, and these are 
removed separately by extraction first with water and then with 
dilute hydrochloric acid. The methochloride was not isolated from 
the aqueous extract, but was converted by sodium iodide into the 
methiodide. The crystalline solid thus formed crystallised from 
ethy! alcohol in colourless needles, m. p. 297° (decomp.) (Found : 
C, 56-1; H, 6-2%). 

The identity of these two specimens of the methiodide was shown 
by causing a solution of (b) in methyl alcohol to deposit plates on 
seeding with (a), and also by seeding an ethyl-alcoholic solution of 
(a) with (b), when the methiodide separated in needles. 

The Formation of a By-product by the Action of Heat on Methoxy- 
methyldihydrobrucidine Dimethochloride (B).—When the dimetho- 
chloride is contaminated by inorganic matter, e.g., sodium chloride 
if the silver chloride used in its formation has been prepared from 
sodium chloride, the yield of methyl-y-brucidine is lowered, pyridine 
bases are formed during the heating, and a by-product is obtained. 
For example, the dimethochloride (30 g.), containing some sodium 
chloride, yielded a benzene extract containing pure methyl-)- 
brucidine (10 g.) together with a residue insoluble in benzene (4 g.). 
The investigation of this substance is at present in progress and the 
results already obtained show that we have encountered here an 
important degradation by fission of the brucine molecule. 

Methyl--brucidine (ii). This base is also obtained by heating 
methylneobrucidinium chloride in an oil-bath at 200—210° until 
effervescence ceases. The dark brown glass is dissolved in dilute 
acid, and the base is precipitated by potassium hydroxide and crystall- 
ised from ethyl alcohol. It forms tablets, melting, either alone or 
mixed with an authentic specimen of methyl-y-brucidine, at 198°. 


’ Permanganate Oxidation of Methyl-w-brucidine. 
Brucidone Semicarbazone.—Powdered potassium permanganate 
(6-8 g.: 5 atoms of oxygen) is added gradually to methyl-y-brucidine 
(5 g.) in ice-cold, mechanically-stirred acetone (500 c.c.) ; the colour 
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of the permanganate disappears slowly, and oxidation seems to be 
complete at the end of the addition. The manganese precipitate is 
filtered off, but yields no solid product. Removal of the acetone 
leaves a pale yellow, gummy residue (4 g.), which has not been 
obtained crystalline, and which yields only oily products when 
heated with methyl-alcoholic potassium hydroxide, or when dis- 
solved in concentrated sulphuric acid (compare strychnidone, this 
vol., p. 1615). It is therefore converted into the semicarbazone by 
boiling a solution of the gum, semicarbazide hydrochloride (3-4 g.), 
and potassium acetate (3-4 g.)'in aqueous alcohol under reflux for 
1} hours. Water is added, the alcohol distilled off under reduced 
pressure, and the crystalline precipitate, which forms during the 
distillation, is recrystallised from ethyl alcohol, being obtained in 
colourless needles which shrink at 210° and evolve gas at 226°, 
without complete fusion (loss at 100°, 13-1. 1}EtOH requires loss, 
12-89. Found in dried material: C, 60-8; H, 7-0; N, 15:1. 
(,,H,,0,N, requires C, 61-4; H, 6-6; N, 14:9%). This semi- 
carbazone is very sparingly soluble in cold methyl or ethyl alcohol. 
From the analyses, it appears to be the monosemicarbazone of a 
ketone derived from methyl-y-brucidine by the loss of CH, and its 
replacement by O, and the further introduction of one oxygen atom. 

The unsharp melting point suggested that this material might be 
a mixture, and fruitless efforts were made to obtain pure com- 
ponents by repeated crystallisation from methyl or ethyl alcohol. 
The melting point remained unaltered. Purification was also 
attempted by extracting the substance with boiling methyl alcohol 
in sufficient quantity to dissolve only half, filtering the hot solution 
from the residue A, allowing it to deposit a second fraction B on 
cooling, and obtaining a third fraction C when the mother-liquor 
had remained over-night. A was recrystallised, and the mother- 
liquor yielded a very small fraction, D, on standing over-night. 
These fractions all formed colourless needles, which were dried in 
a vacuum desiccator, and the analyses agreed well with the formula 
already suggested (see below). On the other hand, the specimens 
differ in melting point and contain different amounts of solvent of 
crystallisation. (A) shrinks at 200°, melts at 220—225° (decomp.), 
and is not changed by recrystallisation (loss at 100°, 2-3. 4MeOH 
requires loss, 3-3°/,. Found in material dried at 100°: C, 62-0; 
H, 65°). (B) shrinks at 245°, melts at 257° (decomp.), and is not 
changed by recrystallisation (loss at 100°, 11-4. 2MeOH requires 
loss, 12-0°%. Found in dried material: C, 61-6; H, 66%). (C) 
shrinks at 200° and melts at 235° (decomp.); there was not enough 
for recrystallisation (loss at 100°, 7:5. 1MeOH requires loss, 
64%. Found in dried material: C, 61-4;{H, 6-7%). (D), only 
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0-0327 g., shrinks at 195° and melts at 245° (decomp.) (loss at 
100°, 10-4%. Found in dried material: C, 59-7; H, 6-5%). 

It is possible that brucidone is a mixture of isomerides or that the 
semicarbazone group introduces geometrical isomerism. 

Methoxymethyltetrahydrobrucidine—A_ solution of methoxy. 
methyldihydrobrucidine (20 g.) in sulphuric acid (200 c.c. of 20%) 
is reduced in the usual apparatus for 16 hours with a current of 
5 amps., the temperature being kept at 18° by cooling in water. 
The methoxymethyldihydrobrucidine may be used in the crude 
condition in which it is obtained when water is added to the product 
of the interaction of brucidine methosulphate and methyl-alcoholic 
potassium hydroxide. After the reduction, excess of ammonia 
(d 0-880) is added while the liquid is stirred and cooled in ice; the 
product is thus obtained as a finely divided solid, whereas precipit- 
ation without cooling yields a caseous mass which solidifies to a 
single hardlump. The precipitate is collected, washed, dried (18 g.), 
and crystallised from methyl alcohol, from which it separates in 
colourless needles (Found: C, 70-2; H, 8-3. C,;H,,0,N, requires 
C, 70-0; H, 8-4%). 

Methoxymethylietrahydrobrucidine melts at 133—135° and distils 
without decomposition at 253°/2 mm. It is somewhat soluble in 
the usual solvents and crystallises in beautiful needles from light 
petroleum (b. p. 60—80°). It dissolves readily in dilute acetic or 
mineral acid, and does not redden on exposure nearly so quickly as 
methoxymethyldihydrobrucidine. Acetic anhydride seems to be 
without action; after the mixture has been boiled for a few minutes 
and water and excess of ammonia have been added, the base is 
recovered unchanged. 

The dihydriodide is prepared by adding concentrated sodium 
iodide solution to a solution of the base in 2N-sulphuric acid. On 
scratching, the dihydriodide separates in practically quantitative 
yield; it crystallises from water in colourless needles, which melt 
at 212° to a yellow froth (Found: I, 37:3. C,;H,,0,N,,2HI 
requires I, 37-1%). It is sparingly soluble in ethyl alcohol, and 
becomes yellow on keeping. 

When a hot aqueous solution of the dihydriodide is treated with 
excess of silver chloride, and the filtrate is evaporated to dryness 
under reduced pressure on the water-bath, the dihydrochloride is 
obtained as a colourless glass, which crystallises when ether is added 
carefully to a solution in alcohol-acetone. It forms rectangular 
plates, which are very soluble in water and evolve gas at 150° 
without melting completely. The residue:is probably methylneo- 
dihydrobrucidinium chloride, which is produced when the dihydro- 
chloride is decomposed in boiling mesitylene (b. p. 165°) (see p. 1659). 
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The methiodide (A) is prepared by heating the base (4 g.) and 
methyl iodide (5 c.c.) under reflux on the water-bath for 20 minutes ; 
a crystalline precipitate is soon formed. The methyl iodide is 
distilled away, and the residue separates from ethyl alcohol in 
colourless leaflets (Found: C, 54:9; H, 7-2. C,;H;,0,N,,Mel 
requires C, 54:7; H, 6-8%). The methiodide dissolves rather 
readily in water. It melts at 166—167°, losing methyl iodide 
quantitatively (loss in an _ oil-bath at 165—170°, 24-9. 
C.5;H3g0,N.,Mel requires Joss, 24-99%), and regenerating the base, 
m. p. 134°, which was identified by the mixed melting-point 
method. 

The methochloride (A), prepared in the usual way from the meth- 
iodide and silver chloride, forms a glassy mass. When it was 
heated with an excess of methyl-alcoholic potassium hydroxide at 
120° for 1 hour, and water was added, methoxymethyltetrahydro- 
brucidine was regenerated, and identified by the mixed melting- 
point method. 

The methiodide (B) is obtained by heating either (i) the dimeth- 
iodide (A) (p. 1658) or (ii) the dimethiodide (B) (p. 1656). 

(i) When methoxymethyltetrahydrobrucidine dimethiodide (A) 
is heated in an oil-bath at 230°, it melts and evolves methyl iodide 
quantitatively. The glassy residue crystallises from ethyl alcohol 
in flattened needles or leaflets, m. p. 298° (decomp.) (Found: C, 
54:9; H, 6-7. C,,H;,0,N.,Mel requires C, 54-7; H, 6-8%). This 
substance is sparingly soluble in ethyl alcohol and in water and 
crystallises from the latter in characteristic prisms, m. p. 298° 
(decomp.), which become chalky when dried in a vacuum desiccator. 

(uu) Methoxymethyltetrabydrobrucidine dimethiodide (B) (1 g.) 
is heated gently in a test-tube over a flame until the evolution of 
methyl iodide ceases. If the heating becomes too vigorous, deep- 
seated decomposition takes place, and gases are evolved which 
burn with a luminous flame, partly condense on the cold part of the 
tube, and smell strongly of pyridine bases. The residue is crystall- 
ised from ethyl alcohol, and this. purification is repeated if necessary 
until leaflets, m. p. 298° (decomp.), are obtained. This methiodide 
(B) separates from water in colourless, characteristic prisms, m. p. 
298° (decomp.) (Found : C, 55-1; H, 6-9; I, 22-4. C,;H,,0,N,,MelI 
requires I, 22-394). The identity of the specimens of the methiodide 
(B) obtained from the dimethiodides (A) and (B) was shown by seed- 
ing an aqueous solution prepared in one way with a crystal prepared 
in the other way. 

The methochloride (B), prepared in the usual way from the meth- 
iodide and silver chloride, forms a colourless glass. When this is 
heated in a test-tube over a flame, it decomposes before methyl 
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chloride is split off, and no methyldihydrobrucidine can be isolated 
from the charred residue. When exposed to water vapour in a 
bell-jar, the glassy methochloride crystallises in sticky needles, 
which after being pressed on porous tile and dried in a vacuum 
desiccator, decompose without melting at about 210.° 


Methoxymethyltetrahydrobrucidine Dimetho-salts. 


The Dimethosulphates (A) and (B).—Methoxymethyltetrahydro- 
brucidine reacts with methyl sulphate even more slowly than does 
methoxymethyldihydrobrucidine. In this case no monometho- 
sulphate has been isolated. A solution of dried methoxymethyl- 
tetrahydrobrucidine (46 g.) and pure methyl sulphate (100 c.c.) in 
dry benzene (300 c.c.) is boiled on the water-bath under reflux for 
24 hours, carefully protected from moisture. The hot benzene is 
decanted, but the residual mixture of brown gum and needles (90 g.) 
still retains some methyl sulphate and a little solvent, even after 
being washed as thoroughly as possible with benzene, which is then 
blown away in a current of air. This mixture must contain two 
dimethosulphates, (A) and (B), since it is converted into two dimeth- 
iodides, but attempts to isolate the dimethosulphates have been 
fruitless, and the mixture is therefore converted into the dimeth- 
iodides (A) and (B) by sodium iodide. 

The dimethiodide (B) is prepared by adding sodium iodide (100 g.) 
in warm water (40 c.c.) to a warm solution of the above mixture of 
dimethosulphates in water (60 c.c.). On cooling and scratching, 
crystallisation begins, and after 24 hours the solid is collected, 
washed with water, and dried in a vacuum (31 g.). (The mother- 
liquors contain the dimethiodide A together with a small quantity 
of the dimethiodide B, and their investigation is described on p. 
1658.) One recrystallisation from water (filter : see below) is usually 
sufficient for the purification of this product, although on a few 
occasions it had an unpleasant smell, which was first removed by 
grinding with cold ethyl alcohol. The dimethiodide (B) crystallises 
from water in prismatic needles, m. p. 287° (decomp.) (Found: 
C, 45:3, 45:4; H, 5:5, 5-7. C,;H,,0,N,,2MeI requires C, 45:5; 
H, 5-9%). It is sparingly soluble in cold water or methyl or ethyl 
alcohol, but dissolves readily in hot water. When an aqueous 
solution is saturated with sulphur dioxide, a yellow oil is formed 
which crystallises on standing. This additive product, which 
contains sulphur dioxide, is very sparingly soluble in cold water, 
but readily forms an orange solution on warming, which evolves 
sulphur dioxide when boiled and then becomes colourless. When 
the colourless solution is cooled, the dimethiodide separates in 4 
pure condition. The dimethiodide is very stable to alkali, and was 
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recovered in good yield after being heated with a large excess of 
25% methyl-alcoholic potassium hydroxide at 140° for 30 minutes. 

The crude precipitate of the dimethiodide is usually mixed with a 
small quantity of an ochreous, amorphous substance, which remains 
undissolved on recrystallisation of the precipitate from water. The 
amount of this by-product increases to about one-tenth of the 
weight of the dimethiodide if the solutions of the dimethosulphates 
and sodium iodide are boiling when mixed. The insoluble solid 
from the recrystallisation of the dimethiodide (see above) is crystall- 
ised fom methyl alcohol, in which it is very sparingly soluble, by 
dissolving it in much boiling solvent (charcoal), concentrating the 
solution until crystallisation begins, and allowing it to cool. The 
substance thus obtained in purple-red, glistening prisms melts at 
230° (decomp.) and is a pertodide of the dimethiodide (B) (Found : 
I, 55-6. C,;H,,0,N,,2MelI,I, requires I, 52-6%). This periodide 
is slowly decomposed by boiling water; it is stable to cold dilute 
nitric acid, but is instantly decomposed on boiling, iodine being 
liberated. When sulphur dioxide is passed into an aqueous suspen- 
sion, the crystals change into a red gum, which is collected, and 
boiled with water until the solution becomes colourless and the smell 
of sulphur dioxide is no longer perceptible; on cooling, the dimeth- 
iodide (B) separates in colourless prisms, m. p. 287°. 

The dimethochloride (B) is prepared by heating an aqueous solu- 
tion of the dimethiodide (B) with excess of silver iodide, and evaporat- 
ating the filtrate to dryness on the water-bath under reduced 
pressure. The colourless, crystalline mass thus obtained separates 
from ethyl alcohol in plates which melt to a froth and lose solvent 
at 138°, after drying in a vacuum desiccator. On further heating, 
the froth hardens and melts at 214°. After drying at 100°, the di- 
methochloride has m. p. 214° (decomp.) (loss at 100°, 8:5. 1LEtOH 
requires loss, 80%. Found in dried material: Cl, 13-7. 
C,;H3,0,N.,2MeCl requires Cl, 13-4%). 

The dimethochloride loses a molecule of methyl chloride when it 
melts at 214°, forming methoxymethyltetrahydrobrucidine metho- 
. chloride (B). After heating at 245° in an oil-bath until the evolution 
of methyl chloride ceased, the residual glass, consisting of the metho- 
chloride (B), was converted into the methiodide by adding sodium 
iodide to an aqueous solution, and crystallising the precipitate from 
water. The methiodide (B) separated in the characteristic prisms, 
mM. p. 298° (decomp.), which became chalky on drying (Found : 
C, 54:5; H, 6-8%). 

When the dimethochloride was heated in a test-tube at 300°, further 
decomposition took place. No methyl-y-dihydrobrucidine could 


be isolated from the residue, which consisted only of charred material 
3K 


1658 GULLAND, PERKIN, AND ROBINSON : 


if the heating was sufficiently prolonged to allow complete elimination 
of the methyl] chloride. 

The dimethiodide (A) is obtained either (i) from the mother- 
liquors of the preparation of the dimethiodide (B), or (ii) by the 
direct combination of the base and methyl iodide. 

(i) The mother-liquors from the preparation of the dimethiodide 
(B) (p. 1656) are mixed with 50%, potassium hydroxide solution; 
@ caseous mass then separates, and soon hardens sufficiently to be 
pressed between porous tiles in order to remove as much alkali as 
possible. On boiling with a little ethyl alcohol, it becomes colourless 
and completely crystalline, without passing into solution to any great 
extent. The crystals are collected after several hours, washed with 
alcohol, and dried in a vacuum desiccator (33 g.). This product is 
essentially the dimethiodide (A), but contains also a little of the 
dimethiodide (B). In the first experiment, these were separated by 
fractional crystallisation from methyl alcohol, but later, when 
the properties of the dimethiodide (A) became known, the following 
process was found to be much more satisfactory. The mixture is 
dissolved in a little boiling water, and the solution is cooled, seeded 
with the dimethiodide (B), and set aside over-night. The remainder 
of the dimethiodide (B) separates in a practically pure state, and is 
collected, washed, and dried (5 g.). The filtrate now contains the 
dimethiodide (A), which is very soluble in water. It is saturated 
with sulphur dioxide while stirred continuously, and the yellow, 
crystalline additive compound which is formed is collected, washed 
with a little sulphurous acid, and dissolved in boiling methyl alcohol. 
After boiling for about 15 minutes, the solution becomes colourless, 
and is then concentrated to about 100 c.c. On cooling, the dimeth- 
iodide (A) crystallises in an almost pure condition, m. p. 230° 
(25 g.). (The yield of the combined dimethiodides A and B is 
about 81% of that theoretically possible.) One recrystallisation 
from methyl alcohol gives the pure product in stout prisms, which 
melt at 230—232° to a colourless froth (see below) (Found : C, 45:1; 
H, 5:8. C,;H,,0,N,,2MeI requires C, 45-5; H, 5-9%). It dis- 
solves readily in cold water, but only very sparingly in methyl or 
ethyl alcohol. When it is heated at its melting point, a molecule 
of methyl iodide is liberated smoothly ; the glassy residue crystall- 
ises from water in the characteristic prisms of the methiodide (B) 
(see p. 1655). 

(ii) A preliminary experiment showed that methoxymethyl- 
tetrahydrobrucidine combines with only one molecule of methyl 
iodide at 100°, even when heated for long periods. When, however, 
the base (5 g.) and methyl iodide (10 c.c.) are heated in a sealed 
tube at 140° for 24 hours, and the methy] iodide is distilled off, the 
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residual solid is the dimethiodide (A). After two recrystallisations 
from methyl alcohol, it forms stout prisms, m. p. 230°, which are 
identical in every way with the substance described above (Found : 
C, 45-6; H, 6-0; I, 35-4. C,,H,,0,N,,2Mel requires I, 35-7%). 

The dimethochloride (A), prepared from the dimethiodide in the 
usual way by silver chloride, forms a colourless glass which cannot 
be crystallised. When itis heated gently in a test-tube over a flame, 
methyl chloride is evolved smoothly ; the colourless residue, crystall- 
ised from methyl alcohol, forms needles, melting, either alone or 
when mixed with a specimen of methoxymethyltetrahydrobrucidine, 
at 133°. 

Methylneodihydrobrucidinium Salts. 

Methoxymethyltetrahydrobrucidine is not attacked by boiling 
10°%% sulphuric acid under the conditions in which methoxymethy]l- 
dihydrobrucidine yields methylneobrucidinium sulphate. After 
the acid solution had been boiled for 24 hours, ammonia precipitated 
98% of the base used. Nor were successful results obtained when 
methoxymethyltetrahydrobrucidine dihydriodide or dihydrochloride 
was heated in a test-tube, since a much wider decomposition evi- 
dently took place. Ultimately, however, it was found possible to 
obtain the iodide in the following way. 

The iodide. A suspension of methoxymethyltetrahydrobru- 
cidine dihydrochloride (5 g.) in mesitylene (40 c.c.) is heated 
in an oil-bath at 180°. The solid becomes gummy and evolves 
hydrogen chloride, which is blown away from time to time in a 
current of air. After 20 minutes, the light brown gum hardens 
and is broken up, and the heating is continued for 10 minutes 
more in order to ensure complete decomposition. Ether is added 
to the cooled product, and the glassy solid is collected and 
dried at 100° (3-9 g.). Attempts to crystallise this chloride were 
unsuccessful (compare below), and it was therefore converted into 
the iodide. A solution of the chloride in water (25 c.c.) is saturated 
with sulphur dioxide, and concentrated sodium iodide is added drop 
by drop until no more oil separates. This additive product solidifies 
after a short time, and the orange mass thus obtained is boiled with 
water until the smell of sulphur dioxide has disappeared. On cooling, 
methylneodihydrobrucidinium iodide (3 g.) separates; it crystallises 
from water in colourless bipyramids, m. p. 283° (decomp.) (Found : 
C, 54:9; H, 6-4. C,,H,,0,N,I requires C, 55-0; H, 63%). It is 
rather sparingly soluble in cold water or ethyl alcohol and crystallises 
in plates from the latter. An aqueous solution is not precipitated 
by ammonia or dilute alkali solution; concentrated potassium 
hydroxide solution precipitates the iodide unchanged. 

The chloride, prepared by heating an aqueous solution of the 
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iodide with silver chloride and evaporating the filtrate under reduced 
pressure on the water-bath, is a colourless glass which does not 
crystallise. An aqueous solution is not precipitated by ammonia 
or dilute alkali solution. On heating in a test-tube over a flame, 
charring occurs very readily; the residue dissolves in water to a red 
solution, which becomes deep red on addition of ammonia, and then 
bright green on addition of a few drops of potassium hydroxide; 
much concentrated potassium hydroxide solution precipitates a 
green oil, which has not been examined. No methyl-y-dihydro- 
brucidine is formed. 


Methoxymethyltetrahydrobrucidine Dimethohydrogencarbonates (A) and 
(B) and their Decomposition by Heat. Methyl-p-dihydrobruc- 
idine. 

The Dimethohydrogencarbonate (A).—This substance is prepared 
by shaking a hot aqueous solution of methoxymethyltetrahydro- 
brucidine dimethiodide (A) with an excess of either silver hydroxide 
or silver carbonate. In either case, the alkaline filtrate is evaporated 
as far as possible in an open basin on the water-bath, and then left 
in a vacuum desiccator over-night. The gummy residue crystallises 
on being rubbed with acetone containing a little ethyl alcohol, and 
is recrystallised by the cautious addition of ether to an ethyl-alcoholic 
solution. The dimethohydrogencarbonate (A) forms almost colourless, 
hygroscopic crystals, m. p. 92—94°, or 103—104° when heated in a 
sealed capillary tube (Found in material dried in a vacuum desic- 
cator : C, 52-5; H, 8-3. C,;H,,0,N.,2MeHCO,,5H,0 requires C, 51:9; 
H, 8-1%). It is very soluble in water or ethyl alcohol, and evolves 
carbon dioxide on treatment with dilute hydrochloric acid. When 
a small quantity is heated gently in a test-tube over a flame, carbon 
dioxide is eliminated; the light brown, glassy residue crystallises 
from methyl alcohol in colourless needles, which, either alone or 
when mixed with methoxymethyltetrahydrobrucidine, melt at 134°. 

The dimethohydrogencarbonate (B) is prepared from the dimeth- 
iodide (B) exactly in the manner described above in the case of the 
isomeride (A). It is crystallised by the careful addition of ether to a 
filtered solution in ethyl alcohol, and forms colourless prisms, which 
are hygroscopic and melt at 109° after drying in a vacuum desiccator 
(Found: C, 50:3; H, 83. C,;H,,0,N,,2MeHCO,,6H,O requires 
C, 50-6; H,8-1%). It is very soluble in water or ethyl alcohol, and 
evolves carbon dioxide on treatment with acids. 

When it is heated at 135° in an oil-bath, carbon dioxide is evolved. 
The heating is continued for 30 minutes until the frothing has ceased, 
and the clear, glassy residue is dissolved in water. As the solution 
gives no precipitate with ammonia and evolves carbon dioxide on 
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treatment with acids, it must contain a methohydrogencarbonate. 
Sodium iodide is therefore added; the precipitate formed crystall- 
ises from water in colourless prisms, m. p. 298°, and is identical with 
methoxymethyltetrahydrobrucidine methiodide (B). The product 
of the decomposition is therefore the methohydrogencarbonate (B). 

Methyl--dihydrobrucidine. The dimethohydrogencarbonate (B) 
(1 g.) is heated gently in a test-tube over a flame. It melts toa froth 
while gradually losing carbon dioxide, and the methyl alcohol which 
is evolved may be burnt at the mouth of the tube; when the 
effervescence has ceased, the light brown residue is quite mobile. 
After cooling, the tubes are broken and the contents extracted with 
boiling ethyl alcohol. The filtrate is concentrated to small volume ; 
methyl-y-dihydrobrucidine, which then separates in moderate yield, 
recrystallises from ethyl alcohol in colourless tablets, m. p. 220—221° 
[Found: C, 72-5; H, 8:2; OMe, 15-8. C,,H,.0,N, requires C, 
72-7; H, 8:1; (OMe), 156%]. This substance is soluble in dilute 
hydrochloric or acetic acid; it is sparingly soluble in ethyl alcohol, 
moderately easily soluble in acetone, and dissolves readily in benzene. 
It is extremely stable to oxidation by. permanganate in acetone. 

The dthydriodide, prepared by the addition of sodium iodide to a 
solution of the base in dilute hydrochloric acid, crystallises from 
water in small, wart-like granules, which melt at 215—217° to a 
yellow froth (Found in material dried at 100°: C, 44-0; H, 5-2. 
C4Hg20,N,,2HI requires C, 44:2; H, 52%). It separates from 
ethyl alcohol in stout prisms, and is sparingly soluble in this solvent 
and in water. 


Colour Reactions of the Brucidine Derivatives. 


The most useful reaction is that with ferric chloride in dilute 
hydrochloric acid, and a positive result is a deep green or bluish- 
green coloration, pink in thin layers, becoming red on boiling; when 
the reaction is negative, no colour is produced even on heating. The 
following substances give the reaction : brucidine, brucidine metho- 
sulphate, tetrahydrobrucine and its methochloride, methoxymethy]- 
dihydrobrucidine and its methochloride (B), methoxymethyltetra- 
hydrobrucidine and its methochloride (B), methyl-y-brucidine and 
its methochloride prepared by either method, methylneobrucidinium 
chloride, methyl-y-dihydrobrucidine, and methylneodihydrobrucid- 
inium chloride. The substances which do not give the reaction are : 
methoxymethyldihydrobrucidine methosulphate (A) and metho- 
chloride (A), methoxymethyltetrahydrobrucidine methochloride 
(A), methoxymethyldihydrobrucidine dimethochlorides (A) and (B), 
methoxymethyltetrahydrobrucidine dimethochlorides (A) and (B), 
dioxymethoxymethyldihydrobrucidine (Y) methochloride, and, 
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as already mentioned, brucine itself.* Since both strychnidine 
and brucidine give characteristic but entirely different ferric chloride 
reactions, the latter must be concerned with the only part of the 
molecule which is not identical in the two substances, namely, the 
aromatic nucleus, and this view is confirmed in the case of strych- 
nidine by the observation that those derivatives which give a negative 
or feeble ferric chloride reaction are the only strychnidine deriv- 
atives which do not couple with diazonium salts. It then becomes 
apparent that the occurrence of the reaction in a particular case is 
dependent on the condition of the nitrogen atom bound to the 
aromatic nucleus. When this is salt-forming, the reaction is positive, 
whilst a negative reaction is due to its inclusion in the group -N-CO- 
as in brucine, or in a quaternary ammonium salt grouping as in the 
various dimethochlorides (and dihydrochlorides) described in this 
and the preceding communications. These views are in complete 
harmony with experience of simpler aromatic amine derivatives; 
thus dimethylaniline couples with diazonium salts, whereas 
N-methylacetanilide and phenyltrimethylammonium chloride do 
not. It is on this basis that we have allocated formule to the 
methochlorides (A) and (B) of methoxymethyldihydrobrucidine and 
methoxymethyltetrahydrobrucidine respectively (see pp. 1630 and 
1633) and have drawn the important inference that the conversion of 
brucidine into methoxymethyldihydrobrucidine is accompanied by 
a transposition of the function of the nitrogen atoms in respect 
of their basic character. 

The dichromate test in 60° sulphuric acid is of inferior diagnostic 
value. It is given by all the brucidine derivatives, but the green 
colour appears much more slowly in the cases where the ferric 
chloride reaction is negative. 


We are indebted to Mr. R. I. E. Hall, M.A., for preparing the 
large quantities of material required in these two researches and 
also to Mr. F. Hall for carrying out, with his usual skill, the whole 
of the analyses. One of us (W. H. P.) is indebted to the Govern- 
ment Grant Committee of the Royal Society for repeated grants 
which have covered much of the expense of these investigations. 


UNIVERSITIES OF OXFORD AND 
MANCHESTER. [Received, May 24th, 1927.] 


* The brucidine derivatives do not exhibit the reaction in concentrated 
hydrochloric acid solution. In the cases when the reaction is positive, how- 
ever, the colour appears on dilution, and this behaviour is clearly due to the 
formation and hydrolysis of dihydrochlorides. 
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CCXII.—A Synthesis of Safrole and o-Safrole. 


By Wriu1am Henry PERKIN, jun., and Victor Martin 
TRIKOJUS. 


No direct synthesis of safrole has been recorded, the most recent 
attempt being that of Baker and Robinson (J., 1925, 127, 1424), 
who distilled the. product of the action of silver oxide and water 
upon y-piperonylpropyltrimethylammonium iodide, but obtained 
isosafrole, the double bond moving into the position of greater 
stability. Kawai (Sci. Papers Inst. Phys. Chem. Res., 1925, 3, 
263) has shown that the monoallyl ether of pyrocatechol undergoes 
the Claisen rearrangement to give an oil which he considered to be 
a mixture of 3- and 4-allyl-1 : 2-dihydroxybenzene, the change 
taking place in the “ie manner (X = CH,°CH:CH,) : 


This matter has now been reinvestigated and, by repeated 
fractionation of the product of the rearrangement, both of the 
above isomerides have been isolated in a pure state as colourless, 
crystalline solids melting at 28° and 48° respectively. As further 
confirmation of the course of the Claisen migration, it has been 
found that the properties of the higher-melting isomeride (II) are 
in accord with those assigned to the “ 4-allylbrenzcatechin ’”’ which 
Schimmel and Co. (Cenér., 1907, II, 1741) isolated in small quantity 
from betel-leaf oil from Java. The second isomeride, 1 : 2-di- 
hydroxy-3-allylbenzene (I), has not previously been described. 

In order to convert these substances into safrole (III) and 
o-safrole (IV), respectively, methylenation was carried out, with 


(IIT.) oS on on:cn, CH,<0 (IV.) 


H,°CH:CH, 
moderately good yields, by gently refluxing them with methylene 
iodide and anhydrous potassium carbonate in dry acetone solution. 
By employing such mild conditions, any change into the isomeric 
isosafroles during the course of the reaction was inhibited. The 
identity of the synthetic product with naturally occurring safrole 
has been established by preparing the pentabromo-derivative 
(m. p. 169°) and the acetamido-derivative (m. p. 162—163°) and 
comparing these with the same derivatives from natural safrole. 
The properties of the hitherto unknown isomeride o-safrole (IV) 


1664 PERKIN AND TRIKOJUS : 


(which resembles safrole in odour and in many other ways) have 
been recorded. 

The process of methylenation described above takes place very 
smoothly without formation of tarry products and may prove to 
be valuable in other cases of this kind. 


EXPERIMENTAL. 


Mono- and Di-allyl Ethers of Pyrocatechol.—Pyrocatechol (132 g.) 
and pure allyl bromide (144 g.) were dissolved in pure dry acetone 
(220 c.c.), finely powdered, freshly heated potassium carbonate 
(170 g.) was added gradually with constant shaking, and the whole 
refluxed for 6—8 hours on the water-bath, the condenser being 
fitted with a calcium chloride tube (compare Kawai, loc. cit.). After 
removal of the acetone, addition of water and dilute sulphuric acid, 
and extraction with ether, the monoallyl ether and unchanged pyro- 
catechol were removed by washing the extract with dilute alkali 
solution, and the ethereal solution was then dried with anhydrous 
sodium sulphate and evaporated. The yield of pure diallyl ether 
was 43 g. (b. p. 124—125-5°/13 mm.). The alkali washings were 
immediately acidified and the oil was taken up in chloroform. After 
being repeatedly washed with water to remove pyrocatechol, the 
chloroform was evaporated and the oil distilled, yielding 90 g. of 
pure monoally] ether, b. p. 107-5—109°/15 mm. The yields of both 
ethers were considerably higher than those recorded by Kawai 
under almost analogous conditions. 

Molecular rearrangement. The monoally]l ether (92 g.) was heated 
in a flask, fitted with a ground-in condenser, in a paraffin bath at 
170—180°; the inner temperature suddenly rose to 265° with 
momentary boiling, the colour of the liquid changing to red. After 
cooling, the product was fractionated under 15—16 mm. and 
fractions, b. p. 142—152° (66-2 g.) and 152—160° (17-2 g.), were 
collected, leaving a resinous, non-volatile residue (9 g.). The second 
fraction solidified on standing and consisted chiefly of 1 : 2-di- 
hydroxy-4-allylbenzene, melting at 40—41° with previous softening. 
Kawai noticed the formation of some crystals in his higher fraction 
(b. p. 155—160°/16 mm.) and suggested that they were due to 
pyrocatechol which had been set free during the rearrangement 
(compare Claisen, Annalen, 1913, 401, 21). In the present instance, 
however, no pyrocatechol was observed and it is probable that his 
crystals were those of 1 : 2-dihydroxy-4-allylbenzene. 

After repeated systematic refractionation of the above two 
fractions, both isomerides were isolated in a pure condition, the 
proportion of 1 : 2-dihydroxy-3-allylbenzene to its isomeride in the 
rearranged product being approximately 5 to 4. 
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1 : 2-Dthydroxy-4-allylbenzene (I1) is a colourless, waxy, crystalline 
solid soluble in water and most other solvents, but sparingly soluble 
in petroleum. It forms colourless needles, m. p. 48°, from benzene— 
light petroleum and boils at 147—149°/10 mm. and at 156—158°/ 
16 mm. (Found: C, 72-1; H, 6-8. _C,H,,O, requires C, 72-0; 
H, 6-7%). The dibenzoyl derivative (Schotten-Baumann) separates 
from light petroleum in colourless prisms, m. p. 71°. These pro- 
perties clearly indicate that the substance is identical with the 
“ allylbrenzcatechin ”’ isolated from Java betel-leaf oil (loc. cit.). 

1 : 2-Dihydroxy-3-allylbenzene (I) is best purified by distillation 
under reduced pressure and has b. p. 143-5—145°/15 mm. If 
allowed to crystallise slowly, it separates in large, colourless, flat 
prisms, m. p. 28°, but it has a tendency to remain liquid below this 
temperature. Owing to this property, it was not found possible 
to recrystallise it satisfactorily. It dissolves readily in most 
solvents except petroleum, whilst in water it is not as soluble as 
its isomeride (Found: C, 72:1; H, 6-5. C,H,,0, requires C, 72-0; 
H, 6-7%). 

It resembles its isomeride in having a phenolic odour and in 
aqueous solution it gives with ferric chloride an olive-green colour, 
changing to wine-red on addition of sodium carbonate. 

The dibenzoyl derivative separates from light petroleum in colour- 
less prisms, m. p. 60—61° (Found: C, 77-1; H, 5-2. C,,H,,0, 
requires C, 77-1; H, 5-0%). 

Safrole (III1).—1 : 2-Dihydroxy-4-allylbenzene (10 g.) and methyl- 
ene iodide (18 g.) were dissolved in pure dry acetone (35 c.c.) and 
finely powdered, freshly ignited potassium carbonate (20 g.) was 
gradually added with shaking to prevent caking. After gently 
refluxing on the water-bath for 12 hours, the acetone was removed, 
the product was made acid with dilute sulphuric acid and extracted 
with ether, and the ethereal solution was repeatedly washed with 
dilute aqueous sodium hydroxide and finally with water, dried over 
sodium sulphate, and evaporated. On carefully distilling the 
residue under reduced pressure, methylene iodide first passed over ; 
when this had been completely removed, a fraction, b. p. 100— 
101-5°/10—11 mm., consisting of 2-5 g. of a clear, colourless oil, 
was collected. This was identified as safrole by its characteristic 
odour and by preparing its pentabromo-derivative by gradually 
adding excess of bromine below 0° and allowing the mixture to 
stand for some hours; the solid substance which had separated, 
after recrystallising from ethyl alcohol, melted at 169°, and a mixed 
melting point with the derivative prepared from ordinary safrole 
showed no depression. The oil had nj’ 1-5381 (Found: C, 74:2; 
H, 6-4. Cale. for Ci9H190.: C, 74:1; H, 62%). As . — 
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proof of identity, 1-35 g. of the synthetic substance were nitrated 
under the conditions laid down by Foulds and Robinson (J., 1914, 
105, 1963), the nitro-derivative was reduced with tin and hydro- 
chloric acid, and the crude 6-aminosafrole acetylated; the acetyl 
derivative crystallised from methyl alcohol in colourless needles, 
m. p. 162—163° (Found: C, 65-5; H, 6-0. Cale. for C,.H,,0,N : 
C, 65-7; H, 5-9%), and a mixed melting-point determination with 
the corresponding derivative from naturally occurring safrole showed 
no depression. 

o-Safrole (IV).—1 : 2-Dihydroxy-3-allylbenzene (20 g.), methylene 
iodide (36 g.), potassium carbonate (40 g.), and acetone (70 c.c.) 
were gently refluxed for 14 hours, and the product was treated in a 
manner similar to that described above in the synthesis of safrole. 
Methylene iodide was removed under reduced pressure, and the 
remainder (boiling over 1-5°) collected separately. Yield, 7 g. It 
was redistilled and collected at 102-5—103°/13 mm. (Found: C, 
74:3; H, 6:2. C,)H,,0, requires C, 74:1; H, 62%). It boils at 
106—107°/16 mm. and at 226—227°/762 mm. 

o-Safrole is a colourless, mobile oil which does not crystallise at 
—20° and has nf" 11-5359. It has an agreeable odour, similar to, but 
not so pronounced as, that of safrole (compare the respective odours 
of o-piperonal and piperonal; Perkin and Trikojus, J., 1926, 2927). 
On the addition of excess of bromine to o-safrole cooled below 0°, a 
vigorous reaction occurs; the product, which solidifies on standing 
over-night, is washed with ethyl alcohol and crystallised from the 
same solvent, in which it is only sparingly soluble. The resulting 
pentabromo-derivative separates in colourless prisms, m. p. 154°, 
and the yield is almost quantitative (Found: Br, 71-8. C,)H,0,Br; 
requires Br, 71-6%). 

One of us (V. M. T.) is indebted to the Royal Commissioners of 
the 1851 Exhibition for a scholarship which enabled him to take 
part in this investigation. 


THe Dyson Prerrins LABORATORY, 
OxFoRD. [Received, June 7th, 1927.] 


CCXIII.—Monothioethylene Glycol. Part III. Nutro- 
phenyl Thioethers. 
By Grorce MacponaLp Bennett and Wiit1am AMBLER BERRY. 


In continuation of the examination of monothioethylene glycol 
and its derivatives (J., 1921, 119, 1860; 1922, 121, 2139), we have 
now prepared the three isomeric nitrophenyl @-hydroxyethyl 
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sulphides and a number of related substances. The direct conver- 
sion of the parent mercaptan into each of these nitrophenyl thio- 
ethers was realised, the o-isomeride being obtained in good yield 
by the action of o-bromonitrobenzene and alcoholic potassium 
hydroxide, and the m- and p-isomerides by the action of the respec- 
tive nitrobenzenediazonium salts (compare Stadler, Ber., 1884, 17, 
2073). The most economical method for preparing each of these 
substances is, however, by the action of ethylene chlorohydrin 
upon the salt of the nitrothiophenol. The corresponding p-nitro- 
benzyl thioether was obtained in a similar manner from p-nitro- 
benzyl mercaptan, the preparation of which has been improved. 
The isomeric p-nitrophenyl y-hydroxypropyl sulphide is also 
described. 

From these hydroxy-sulphides, the chloro-, bromo-, and iodo- 
sulphides have been produced by known methods. The replacement 
of the hydroxyl group by chlorine was appreciably less easy in 
p-nitrophenyl y-hydroxypropy! sulphide than in the £-series (com- 
pare Bennett and Hock, J., 1925, 127, 2671; this vol., p. 477). 

The isolation of three of these compounds has been announced 
by other authors during the course of our work—o-nitrophenyl 
8-chloroethyl sulphide by Lecher and Simon (Ber., 1925, 58, 409) 


and p-nitrophenyl $-hydroxy- and §£-bromo-ethyl sulphides by 
Waldron and Reid (J. Amer. Chem. Soc., 1923, 45, 2399). 

The results of a crystallographic examination of some of these 
compounds are summarised in the following table : 


Substance. a:b:c. 4 Cleavage. 
:2(NO,)C,H,S-C,H,OH 0-5445:1: 1-1416 (010) 
: 2(NO,)C,H,-S-C,H,Cl 0-9584 : 1 : 0:5126 (010) 
:2(NO,)C,H,'S-C,H,Br 00-9590 : 1 : 0-5250 (010) 
: 2(NO,)C,H,-S-C,H,I 3143 :1:2:513 99° 16’ (010) & (100) 
: 4(NO,)C,H,-S-C,H,Cl 0-4752 : 1: 0-4026 96° 54’ (100) 
: 4(NO,)C,H,-S-C,H,Br «11-8113: 1: 1-1187 96° 18’ ab 


EXPERIMENTAL. 


Action of Sodiwm and Potassium Salts of Monothioethylene Glycol 
on o- and p-Chloro- and Bromo-nitrobenzenes.—The o-nitrophenyl 
thioether was first isolated from the products of the interaction of 
0-nitrochlorobenzene and monothioethylene glycol. o-Nitrophenyl 
8-hydroxyethyl sulphide was thus obtained in deep yellow, ortho- 
thombic tables, m. p. 100° (Found: C, 48-2; H, 4:5; N, 7-1. 
C,H,O,NS requires C, 48-2; H, 4:5; N, 7-05%). 

A better yield and a purer product were obtained by gradually 
heating o-nitrobromobenzene in spirit with monothioethylene 
glycol and potassium hydroxide, but the most convenient method 
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of preparation of this substance is through o-nitrothiophenol as 
described below. 

When these preparations were repeated using p-chloronitro- 
benzene and p-bromonitrobenzene, reduction or some other sub- 
sidiary reaction was still more marked; the yellow product isolated, 
being practically indifferent to phosphorus pentachloride, was not 
p-nitrophenyl $-hydroxyethy! sulphide. 

Preparation of the p-Nitrophenyl Thioether of Monothioethylene 
Glycol.—The p-compound was first isolated by a reaction analogous 
to that noted by Stadler (loc. cit.). The product was an oil, but 
it solidified after 3 weeks. It was dried on porous earthenware 
and recrystallised from dilute alcohol, and was identical with the 
material obtained more conveniently by the following method: 
p-Nitrochlorobenzene (31-5 g.) was covered with alcohol, a warm 
solution of sodium sulphide (48 g. of Na,S,9H,O) in dilute alcohol 
(60 c.c., 1 : 1) was added, and the mixture heated on the steam-bath 
until a vigorous reaction occurred. When this reaction had sub- 
sided, the mixture was heated for a further 5 minutes. Prolonged 
heating at this stage causes a decrease in the yield owing to oxid- 
ation of the thiophenol to disulphide (compare Willgerodt, Ber., 
1885, 18, 331). The mixture was then poured into about 500 c.c. 
of water and cooled in a coal-gas atmosphere until the precipitated 
unchanged p-nitrochlorobenzene had solidified, and the liquid was 
rapidly filtered into an excess of sulphurous acid to precipitate the 
thiophenol and prevent oxidation. The thiophenol was quickly 
filtered off, dissolved in alcohol (30 c.c.), and added to a solution 
of potassium hydroxide (6 g. in 40 c.c. of water). The mixture was 
heated under reflux on the steam-bath with ethylene chlorohydrin 
(15 c.c.) until the dark colour faded, and the alcohol and volatile 
impurities were then removed in steam. The product (18 g.), 
which solidified on cooling, was p-nitrophenyl @-hydroxyethyl 
sulphide, which crystallised well from ether or carbon disulphide- 
petroleum as a pale yellow, finely crystalline solid, m. p. 62° (Found : 
C, 48:0; H, 4:6; N, 7:25. Cale.: C, 48-2; H, 4:5; N, 7-05%). 
Waldron and Reid (loc. cit.) give m. p. 59°. 

Convenient Method of Preparation of the o-Nitrophenyl Thioether.— 
The analogous method can be shortened satisfactorily for the pre- 
paration of o-nitrophenyl $-hydroxyethyl sulphide. 0-Nitrochloro- 
benzene and sodium sulphide are heated as described above and 
the product is poured into water. The precipitated nitrochloro- 
benzene, which does not solidify readily, is extracted with benzene, 
and the remaining solution is heated with the requisite amount 
of ethylene chlorohydrin for 15 minutes. It is not advisable to 
heat for longer than this, owing to the possible reduction of the 
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nitro-group by the sodium sulphide present in the solution. The 
yield is 17 g. 

Preparation of m-Nitrophenyl (@-Hydroxyethyl Sulphide.—An 
attempt to prepare this compound by the Stadler diazo-reaction 
(loc. cit.) gave an oil which did not crystallise. The m-nitrophenyl 
thioether was therefore made from m-nitrothiophenol, prepared 
as described by Leuckart (J. pr. Chem., 1890, 41, 179). The awk- 
ward diazotisation at great dilution was avoided thus: m-Nitro- 
aniline (50 g.), dissolved in 150 c.c. of concentrated hydrochloric 
acid and 750 c.c. of water and cooled to 10°, was diazotised by adding 
sodium nitrite (26-5 g. in a little water) all at once, the temperature 
not being allowed to rise above 15°. This mixture was kept in 
ice for about 30 minutes, and the liquid was then filtered into a 
solution of potassium xanthate (75 g.) and borax (150 g.) in water 
(750 c.c.) at 70—75°. (It is necessary to add the diazo-solution 
cautiously, otherwise an explosive evolution of gas may be caused.) 
The mixture was finally heated until effervescence ceased. After 
cooling, the precipitated oil was removed in ether, the ether evapor- 
ated, and the crude xanthogenic ester hydrolysed. The dinitro- 
diphenyl disulphide, obtained by adding potassium ferricyanide 
to the resulting solution, was purified by recrystallisation and reduced 
with glucose and alkali (compare Lecher and Simon, Ber., 1922, 55, 
2427), and the resulting thiophenol was converted into m-nitro- 
phenyl 8-hydroxyethy] sulphide in the same way as the o- and p-iso- 
merides. ‘The crude product was a dark oil which did not solidify. 
As the compound could not be distilled, even at pressures of 1 mm., 
it was heated at 150° with the equivalent of p-nitrobenzoyl chloride. 
The product solidified and, after recrystallising from toluene, 
m-nitrophenyl -(p-nitrobenzoyl)oxyethyl sulphide was obtained 
as a pale yellow solid, m. p. 86° (Found: N, 8-25. C,;H,.0,N,S 
requires N, 8:05%). This nitrobenzoyl derivative was hydrolysed 
by boiling alcoholic sodium hydroxide, the mixture poured into 
water, the oil which separated removed in ether, the extract dried, 
and the ether evaporated. The remaining oil solidified on being 
cooled in a freezing mixture, and m-nitrophenyl 8-hydroxyethyl sul- 
phide was obtained in pale yellow needles, m. p. 42-5°, by crystallis- 
ation from light petroleum (b. p. 40—60°) or warm water (Found : 
C, 48-0; H, 4:7; N, 7:0. C,H,O,NS requires C, 48-2; H, 4-6; 
N, 7-:0%). 

Little difficulty was encountered in getting the mm/’-dinitrodi- 
phenyl disulphide into a solid workable condition during the winter 
months, but when the preparation was repeated in warmer weather 
the disulphide solidified so slowly that it could not easily be obtained 
pure in quantity. The preparation of the m-compound has there- 
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fore been carried out without the isolation of the disulphide, as 
follows: The xanthogenic ester (20 g.) was hydrolysed with an 
alcoholic solution of sodium hydroxide (5 g. of sodium, 50 c.c. of 
alcohol, and 10 c.c. of water), and the reaction liquor was poured 
into water and extracted with carbon tetrachloride. The remaining 
solution was filtered, the filtrate dropping into water saturated with 
sulphur dioxide, and the precipitated thiophenol was removed in 
ether. The filtered ethereal solution was extracted with a solution 
of potassium hydroxide (10 g.) in two portions, and the extract 
heated on the steam-bath with ethylene chlorohydrin (10 c.c.) 
until the solution became clear. The precipitated oil, after being 
steam-blown, solidified when cooled and nucleated (yield, 9 g. of 
dry crude product). 

Preparation of p-Nitrobenzyl 8-Hydroxyethyl Sulphide.—p-Nitro- 
benzyl thiocyanate (m. p. 84°; compare Henry, Ber., 1869, 2, 638) 
was converted into p-nitrobenzyl thiocarbamate by Meyer’s method 
(“ Analyse und Konstitutions Ermittlung Organischen Verbindun- 
gen,” 3rd Ed., p. 678), but it was subsequently found more convenient 
to use the method described by Gabriel and others (Ber., 1895, 28, 
1027; 1896, 29, 160: compare also Poggi, Atti R. Accad. Lincei, 
1925, 2, 423). A solution of the thiocyanate (50 g.) in concentrated 
sulphuric acid (250 c.c.) was kept in the ice-chest for 10 hours and 
then poured on ice. The precipitated thiocarbamate was filtered 
off and purified (m. p. 146°). The thiocarbamate was hydrolysed 
by boiling it under reflux with hydrochloric acid (10 parts of 20% 
acid) for 2 hours (compare Gabriel and Stelzner, Ber., 1896, 29, 160). 
On cooling, the oil, p-nitrobenzyl mercaptan, solidified. 

The alternative method of preparation of p-nitrobenzyl] mercaptan 
described by Price and Twiss (J., 1909, 95, 1725) was found to be 
less satisfactory than the description would lead one to expect and 
certainly gave a product inferior both in yield and in purity to that 
obtained by the method described above. 

The conditions for the condensation of the sodium salt of p-nitro- 
benzyl mercaptan and ethylene chlorohydrin are important, in 
that too great a concentration of alkali and heating to too high a 
temperature must be avoided, or else subsidiary reactions occur. 
The method used was as follows : To the mercaptan prepared from 
the thiocarbamate (12 g.) as described above, a solution of sodium 
hydroxide (3 g. in 60 c.c. of water) and ethylene chlorohydrin (7 c.c.) 
were added and the mixture was heated, in a flask provided with a 
stirrer, to 50° (thermometer dipping into the reaction liquid). 
The mixture was kept at this temperature for 15 minutes, during 
which an oil separated. 2N-Sodium hydroxide (10 c.c.) and ethylene 
chlorohydrin (3 c.c.) were then added and the mixture was heated 
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for a further 10 minutes. The reaction liquid was steam-blown to 
remove volatile impurities and cooled, the oil removed in ether, 
the extract dried, and the ether evaporated. After being kept 
for several days in a desiccator, the oil solidified (9 g.). 

p-Nitrobenzyl B-hydroxyethyl sulphide, which is soluble in alcohol, 
ether, and benzene and slightly soluble in water, crystallises best 
from a mixture of equal volumes of carbon disulphide and light 
petroleum (b. p. 40—60°) in almost colourless needles, m. p. 37-5° 
(Found: C, 50-6; H, 5-4; N, 6-5. C,H,,0,NS requires C, 50-7; 
H, 5:2; N, 6-6%). 

In subsequent preparations, this compound was obtained as a 
solid by inoculating the steam-blown reaction liquor. 

Preparation of p-Nitrophenyl y-Hydroxypropyl Sulphide.—This 
compound was prepared by a method analogous to that used for 
the p-nitrophenyl 8-hydroxyethyl sulphide and was isolated as an 
oil which solidified after a few days. It was recrystallised from 
carbon disulphide-light petroleum and obtained in pale yellow 
needles, m. p. 41-5°, which are slightly soluble in water and easily 
soluble in ether, alcohol, benzene, and acetone (Found: C, 50:5; 
H, 5:5; N, 6-6. CyH,,0,NS requires C, 50-7; H, 5-2; N, 6-6%). 


Preparation of Halogen Derivatives. 


I. Chloro-compounds.—The o- and p-nitrophenyl 8-chloroethyl 
sulphides were prepared by the action of phosphorus pentachloride 
on the hydroxy-compound (yield, 75%). 

When this method was used for the preparation of p-nitrophenyl 
y-chloropropyl sulphide, the yield was poor (45%), owing to a 
large amount of phosphoric ester being formed as a by-product. 
The preparation of this compound was therefore repeated using the 
Darzens reaction (Compt. rend., 1911, 152, 1314). The hydroxy- 
compound was dissolved in dimethylaniline (1-5 mols.), and thionyl 
chloride (1-5 mols.) gradually added, the mixture being kept cool. 
After 15 minutes, the mixture was heated on the steam-bath for 
15 minutes and poured into dilute hydrochloric acid. The chloro- 
compound separated, and solidified on being cooled and scratched 
(yield, 87%). It was subsequently found that this method was 
preferable to the phosphorus pentachloride reaction for the prepara- 
tion of the 8-chloroethyl sulphides, in that the reaction product 
was much cleaner and solidified more readily (yield, 80—85%). 

These w-chloroalkyl sulphides are soluble in alcohol, acetone, 
benzene, and glacial acetic acid, and are best recrystallised from light 
petroleum or methyl alcohol. 

Preparation of the Sulphowides of the Halogenated Sulphides.— 
After the halogenated sulphide had been boiled for 15 minutes 
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with concentrated nitric acid (d 1-40), the product obtained on 
neutralising the solution had, even after several recrystallisations, 
an indefinite melting point. 

The sulphide was dissolved in a little glacial acetic acid, and 
bromine (a slight excess above 1 mol.) added to the warm solution. 
As a dibromide (R:SBr,°R’) did not crystallise, the solution was 
neutralised and a slight excess of aqueous sodium hydroxide added. 
The product in this case also had a diffuse melting point. 

By adding a slight excess of hydrogen peroxide (30%) to a glacial 
acetic acid solution of the sulphide and keeping the mixture for 
24 hours, compounds of sharp melting points were obtained. The 
sulphoxides crystallise well from either light petroleum or dilute 
acetic acid. 

When oxidation of the iodoethyl sulphides was attempted with 
hydrogen peroxide, iodine was liberated and the pure sulphoxide 
was not isolated. 

o-Nitrophenyl @-chloroethy!l sulphide crystallises in deep yellow, 
orthorhombic needles, m. p. 51° (Found: C, 44:0; H, 3-8; Cl, 
16:3. Cale.: C, 44:1; H, 3-7; Cl, 16-39%). The sulphoxide forms 
pale yellow needles, m. p. 84° (Found: N, 6-0. C,H,O,NCIS 
requires N, 6-0%). 

p-Nitrophenyl §-chloroethyl sulphide crystallises in pale yellow, 
monoclinic needles, m. p. 62° (Found: Cl, 16-3, 16-2. C,H,O,NCIS 
requires Cl, 16-3%). The sulphoxide crystallises in colourless 
needles, m. p. 80° (Found: C, 41-2; H, 3-6; N,6-0. C,H,O,NCIS 
requires C, 41-1; H, 3-4; N, 60%). 

m-Nitrophenyl 8-chloroethyl sulphide forms pale yellow needles, 
m. p. 31° (Found : Cl, 16-2%). 

p-Nitrophenyl y-chloropropyl sulphide forms pale yellow needles, 
m. p. 50° (Found: N, 6-1; Cl, 15-4. C,H,)0,NCIS requires N, 6-1; 
Cl, 15-4%). 

p-Nitrobenzyl -chloroethyl sulphide forms almost colourless 
needles, m. p. 46—47° (Found: N, 6-1; Cl, 15-2. C,H,,0,NCIS 
requires N, 6-1; Cl, 15-4%). 

II. Bromo-compounds.—These compounds were prepared by 
the action of phosphorus pentabromide on the hydroxy-compounds 
(see corresponding preparation of the chloro-compounds; p. 1671.) 
They are soluble in alcohol, benzene, acetone, and ether, and are 
best recrystallised from light petroleum. 

o-Nitrophenyl -bromoethyl sulphide crystallises in deep yellow, 
orthorhombic needles, m. p. 63° (Found: Br, 30-3. C,H,O,NBrS 
requires Br, 30-45%), and the sulphoxide in pale yellow needles, 
m. p. 112° (Found : N, 5-0%). 

p-Nitrophenyl 8-bromoethyl sulphide forms pale yellow, mono- 
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clinic needles, m. p. 59° (Found: Br, 30-1. Calc.: Br, 30-45%). 
Waldron and Reid (loc. cit.), who prepared this compound by the 
action of hydrobromic acid on the hydroxy-compound, give the 
melting point as 58°. The sulphoxide forms colourless needles, 
m. p. 100° (Found: Br, 28-6. C,H,O,NBrS requires N, 5-0; 
Br, 28-7%). 

m-Nitrophenyl 8-bromoethyl sulphide forms almost colourless, 
orthorhombic plates, m. p. 32° (Found: Br, 30-3%). 

III. Jodo-compounds.—The interaction of phosphorus tri-iodide 
er phosphorus and iodine with the hydroxy-sulphides causes 
reduction and not simple replacement of the hydroxyl group. 
o- and p-Nitrophenyl B-iodoethyl sulphides have been obtained by 
heating the bromo-compound with a slight excess of sodium iodide 
in acetone solution for about 8 hours. They crystallise well from 
either methyl alcohol or light petroleum. The former crystallises in 
deep yellow plates, m. p. 64° (Found : I, 40-8. C,H,O,NIS requires 
I, 410%), and the latter in pale yellow plates, m. p. 67° (Found : 
I, 40:8%). 

m-Nitrophenyl 8-iodoethyl sulphide was obtained in a similar 
manner as a dark brown oil which did not crystallise and was not 
analysed. After it had been kept for a long time in the expectation 
of its solidifying, it was found in fact to be depositing crystals. 


These, on recrystallisation from petroleum (b. p. 90—120°), gave 
pale yellow plates, m. p. 136°, which contained sulphur and nitrogen 
but no iodine (Found : N, 8-2%; M, cryoscopic in molten camphor, 
393). Sufficient of this substance was not obtained for a more 
detailed examination, but it seems probable that it was di-m-nitro- 
NO,°C,H,S—CH—CH, 

1H, -CH-S:C,H, NO,” 


diphenylthiolcyclobutane, which 


requires N, 7:-7%; M, 362. 


Crystallographic Measurements. 


0-Nitrophenyl B-hydroxyethyl sulphide crystallises from acetone in 
deep yellow, orthorhombic crystals with a : b : c = 0-5445 : 1: 1-1416. 
The forms observed are (010), c(001), 7(101) and (011), the habit 
being tabular with c large (Fig. 1). The mean angular values 
obtained by measurement of seven crystals on a single-circle gonio- 
meter are : cg*48° 47’, cr*64° 30’, rq 73° 37’ (calc. 73° 31’), be 89° 59’. 
There is a perfect cleavage in the plane (010). di" (vac.) 1-472. The 
substance has strong positive double refraction. The plane of the 
optic axes is (100), the acute bisectrix emerging perpendicular to 
(010), and there is large dispersion of the axes. 

0-Nitrophenyl 8-chloroethyl sulphide was obtained in suitable 
crystals, after many trials, by slow crystallisation from cold ethyl 
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alcohol or from ethylene dichloride-ethylene chlorohydrin, in 
orthorhombic crystals with a:b:c =0-9584:1:0-5126. The 
following are the forms observed and the respective mean angular 
values from eight crystals : 
a (100). m (110). a (213). y (282). 

*43° 47’ *24° 47’ 57° 54’ 

90° 0’ *29° 27’ 43° 2’ 
The crystals are uniterminal and of prismatic habit similar to that 
shown in Fig. 2. d®, 1-480. 

There is an excellent cleavage in the plane (010). Examination 
of cleavage planes in convergent polarised light shows that the sub- 
stance has strong crossed axial dispersion. The optic picture is 
apparently uniaxial for the D line of sodium: red light (lithium 
flame) gives a biaxial picture with the axes well separated in the 


Fia. 1. Fia. 2. Fia. 3. 


plane (100), whilst for green light (thallium) they are in the plane 
(001), the acute bisectrix remaining normal to (010) throughout. 

o-Nitrophenyl B-bromoethyl sulphide separates from acetone in 
prisms (Fig. 2) belonging to the hemimorphic class of the ortho- 
rhombic system isomorphous with the foregoing, having a : b:¢ = 
0-9590 : 1: 0-5250. The following are the mean angular values 
(from six crystals) : 


a(100). m(110). (120). 6(010). (212). y (232). 


0° 0’ 43° 48’ 62° 25° 90° 0’ %23° 53’ 656° 57’ 
0 90° 0 90° 0% 90° QO” *29° 52’ 43° 10 


There is an excellent cleavage in the plane (010). d’” 1-742. 
A straight extinction was observed on (100). The acute bisectrix 
emerges perpendicular to (010), the axes being widely separated in 
the plane (001). The dispersion is large. 

o-Nitrophenyl @-iodoethyl sulphide separates from acetone in large, 
deep yellow, monoclinic crystals (Fig. 3) with a:b:¢= 
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3:143 : 1 : 2-513; 8 = 99° 16’. The following are the mean angular 
values (four crystals) : 

a(100). m(110). 6(010). #(101). c¢(001). R(i01). (112). 

Cre 3" v 90° 0’ 0° 0’ 0° 0’ 180° 0’ 100° 32’ 

90° 0° 90° 0’ *44° 13’ 9° 16° 33° 45’ 47° 53’ 


There is a marked tendency for b to be replaced by a pair of 
vicinal faces. There are poor cleavages in the planes (010) and (100). 
d* 2-026. The position of the optic axes could not be observed. 


Fia. 4. Fia. 5. Fie. 6. 


p-Nitrophenyl 8-chloroethyl sulphide crystallises in the monoclinic 
system with a:b:c = 0-4752:1:0-4026; 6 = 96° 54’. The fol- 
lowing are the mean angular values (4 crystals), the habit being 
as in Fig. 4. 
b(010). m(110). q(0ll). o(111). p(ll 
0° 0° *64° 45’ *16° 43’ 67° 52’ 298° 39’ 
90° 0’ 90° 0’ *22° 48’ a7” 16" 40° 28’ 
There is a poor cleavage in the plane (100). d'® 1-486. The 
extinction appears to be straight on (010). The position of the 
optic axes was not observed. 
p-Nitrophenyl $-bromoethyl sulphide crystallises in the monoclinic 
system with a:b:c = 1-8113:1:1-1187; 8 = 96° 18’, the habit 
being as in Fig. 5. The following are the mean angular values 
(4 crystals) : 
a(100). (001). m(110). q(O1l). (201).  4(101). 
0° 0 60° 587’ 84° 54’ oY v 0° 0 
*6° 18’ 90° 0’ *48° 18’ 36° 19’ 53° 45’ 
No marked cleavage was found. d'’” 1-742. The extinction was 
straight on (100), but the position of the optic axes was not observed. 
p-Nitrophenyl B-iodoethyl sulphide crystallises in the monoclinic 
system with a:b:c = 0-5081:1:0-5160; 8 = 104° 45’, the habit 
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being as in Fig. 6. The following are the mean angular values 
(3 perfect crystals) : 
b(010). £(021). q(Oll). m(110).  o(111). 
0’ 45° 11’ *63° 29’ *27° 24’ 68° 21’ 
90° 0’ 90° 0’ *29° 47’ 54° 5’ 
There is no marked cleavage. d’” 1-938. The extinction on 
b is oblique at 17° 20’ to the edge bm. The optic axial plane coin- 
cides with (010), one optic axis being seen in the centre of the field 
when the observation is normal to the plane (100). The dispersion 
is extremely high. 
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CCXIV.—The Influence of the Sulphur Atom on the 
Reactivity of Adjacent Atoms or Groups. Part IT. 
Comparative Reactivities of Chlorine in some B- and 
y-Chloro-sulphides. 

By GrorcEe MacponaLD BENNETT and WILLIAM AMBLER BERRY. 


In Part I of this series (this vol., p. 477), a qualitative comparison 
was made of the reactivities of the chlorine atoms in the 8-, y-, 
and 8-positions relative to a sulphur atom. In the present com- 
munication, we describe quantitative measurements of the reactivi- 
ties of the chlorine atoms in some 8- and y-chloro-sulphides, namely, 
in the o-, m-, and p-nitrophenyl @-chloroethyl sulphides, p-nitro- 
benzyl £-chloroethyl sulphide, and p-nitrophenyl y-chloropropyl 
sulphide, described in the preceding paper, together with the 
unsubstituted phenyl 8-chloroethyl- and y-chloropropyl-sulphides. 

Comparative measurements were first made of the extent of their 
interaction with aqueous alcoholic sodium hydroxide solution 
during a short interval of time at 55°. With respect to this test, 
the substances arrange themselves in order of diminishing reactivity 
as follows: o- and p-nitrophenyl §-chloroethyl sulphide>m- 
isomerideS>phenyl §-chloroethyl sulphide>phenyl y-chloropropyl 
sulphide and its p-nitro-derivative. 

The nitrobenzyl sulphide suffered some profound decomposition 
in presence of alkali, doubtless owing to the activation of the 
methylene group situated between the sulphur atom and the nucleus. 
No attempt was made to calculate a velocity coefficient for this 
reaction, since from analogy with the behaviour of other chloro- 
sulphides (compare Bales and Nickelson, J., 1922, 124, 2137) it is 
probable that two reactions are involved, namely, a true hydrolysis 
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to the corresponding hydroxy-compound and the formation of an 
unsaturated sulphide by removal of one molecular proportion of 
hydrogen chloride. The result does, however, show that, in agree- 
ment with the conclusions previously reached: concerning $- and 
y-chloro-sulphides (Bennett and Hock, J., 1925, 127, 2671; this 
vol., p. 477), the y-chloropropyl] sulphide is in each case less reactive 
than the closely related 6-chloroethyl compound. 

In order to obtain a more accurate comparison of the reactivities 
of these substances we examined their hydrolysis by 50°, aqueous 
alcohol at 75°, a reaction similar to that used by Olivier for a similar 
purpose (Rec. trav. chim., 1922, 41, 646) and likely to be free from 
the defect of subsidiary reactions. We have therefore made a 
comparison of the initial velocities of hydrolysis; the results are 
in column 4 of Table I. 

The reaction of the chloro-sulphides with piperidine was also 
examined with a view to quantitative measurement, but it was 
discarded when the product of the reaction was found to be a 
mixture. Finally, we also examined the reaction of these substances 
with potassium iodide, since this had been found to be quantitative 
and free from subsidiary reactions in the preparation of the B-iodo- 
sulphides (see preceding paper). Similar reactions have, moreover, 
been studied by Conant and his colleagues (Conant, Kirner, and 
Hussey, J. Amer. Chem. Soc., 1925, 47, 488) and found suitable for 
accurate measurement. The velocities of reaction of these chloro- 
sulphides have been measured in acetone solution at 55°. The 
method of determining ionic iodine described by these authors was 
found to be unsuitable and a modified procedure was worked out. 
The reaction was in all cases bimolecular and the coefficients are 
given in Table I. 


TaBLezE I. 


Reaction with potassium Hydrolysis 
iodide at 55°. at 75°. 
Relative Relative 
Substance. k. . values. 
Ph-S-C,H,Cl 0-091 . 1-00 
o-NO,-C,H,'S8-C,H,Cl 0-180 . 0-023 
m- -NO,: C,H,: S-C,H,Cl 0-189 . 0-083 
p-NO,-C,H,°8-C,H,Cl 0:257 2: 0-052 
p-NO,-C,H,°CH,-S-C,H,Cl 0-215 
Ph:S: 6, HCl 0-330 
p-NO,: OH," 8-C,H,Cl 0-836 


0-0031 
0-0010 


© bo bo 


Interpretation of the Results. 
The substances are arranged with respect to the hydrolysis in 
an order which is the opposite of that shown in the reaction with 
potassium iodide. This contrast must depend on the nature and 
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mechanism of the two reactions used. It may be explained if the 
reactions involved are of opposite polar type. A similar contra- 
diction was pointed out by Conant, Kirner, and Hussey (loc. cit.), 
who remark with reference to certain chloro-compounds that the 
increased reactivity with potassium iodide “ appears to be just the 
reverse of what would be predicted from a consideration of polarity.” 
A consideration of the influence of certain activating groups ‘“‘would,” 
they point out, ‘lead to the conclusion that the chlorine atom of 
Ph:CO-CH,Cl was more positive than the chlorine atom of benzyl 
chloride : yet it is 500 times more reactive in a reaction in which 
the chlorine is eliminated as a negative ion and is replaced by a negative 
ton. . . . It seems evident that no adequate interpretation of the 
facts can be stated solely in terms of polarity.” This difficulty is 
in reality the same as that presented by our own opposed sets of 
reaction velocities. A further clear case of the same kind is shown 
in Table II, which gives the results of the comparison of benzyl 
chloride and its nitro-compounds as determined by hydrolysis 
(Olivier, Joc. cit.) and by the potassium iodide reaction (Conant 
and others). 


TasBLeE II. 
Relative reactivity with 
Substance. KI at 50°. water at 30°. 
DIL ntihincnaininbninsinctineneonuntinnies 1 1 
oO NO,-C,H,:CH,Cl Peer eeeeceseseseseseseeeeeeeee 9 15 0 047 
GRAMME saccckiscicsscecssissoresse 3-96 0-057 
Po RF ee 6-95 0-044 


All these anomalies disappear if it be admitted that, whilst a 
negative charge on the chlorine atom accelerates the hydrolysis 
(compare Oxford and Robinson, J., 1926, 384), it is a positive charge 
on the chlorine atom that makes it react more rapidly with potassium 
iodide. This will be the case if, as we suggest, the latter reaction 
involves two stages, the first of which is the formation of a complex 
between the organic chloro-compound and the iodide ion. In the 
second stage, the neutral organic iodo-compound is formed by the 
ejection of a chlorine ion from the complex. The first stage of the 
reaction will proceed at a higher velocity the greater the positive 
charge on the chlorine atom, since this will favour combination 
with the negative iodine ion. On this assumption, our two sets 
of data become consistent among themselves, and with the electron 
distribution deduced for 8- and y-chloro-sulphides in Part I of the 
series. The reaction velocities observed for Ph:S-C,H,Cl and 
Ph’S-C,H,Cl lie respectively below and above that found by Conant 
and his colleagues for Ph(CH,),Cl, namely, 0-211.* This confirms 


* This value has been obtained from their figure by use of their interpol- 
ation formula and multiplication by 2-302. 
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the suggestion made in Part I that actually the chlorine atom in the 
8-position is negatively, and in the y-position positively, charged as 
compared with the normal. 

Kirner (J. Amer. Chem. Soc., 1926, 48, 2745) has recently found 
three ethers to have reactivities in the order PhO-C,H,Cl< 
PhO-C,H ,Cl>PhO'C,H,Cl, with respect. to the potassium iodide 
reaction. The influence of an atom of oxygen and one of sulphur 
in a molecule should be similar, if similarly situated, so that this 
result is in qualitative agreement with the conclusion arrived at in 
Part I that chlorine varies in reactivity (to hydrolysis) with position 
relative to sulphur in the order: B>y<8. 

The introduction of a nitro-group into the nucleus of any of these 
compounds—chloro-sulphides or benzyl chlorides—gives a positive 
charge to the chlorine atom and so alters the velocities of the two 
reactions discussed in the directions observed. No large difference 
of effect was found with orientation of the nitro-group in the o-, m-, 
and p-positions in the sulphides, which is consistent with the 
conclusion of Oxford and Robinson (loc. cit.) that “ the alternating 
effect of a nitro-group cannot be discerned beyond the limits of the 
conjugated system of which it forms a part.” In the case of the 
reaction with aqueous alcoholic sodium hydroxide, the intro- 
duction of the nitro-group actually increases the reactivity in the 
8-chloro-sulphides. Since in the true hydrolysis the converse 
effect is observed, the increase must be due to the subsidiary reaction 
involving the elimination of hydrogen chloride. 


EXPERIMENTAL. 


Preparation of 8-Hydroxyethyl and y-Hydroxypropyl Phenyl 
Sulphides.—These compounds were obtained by the condensation of 
sodium thiophenoxide and the respective chlorohydrins : The thio- 
phenol (15 g.), a solution of sodium hydroxide (6 g. in 100 c.c. of 
water), and ethylene chlorohydrin (12 c.c., or 15 ¢.c. of trimethylene 
chlorohydrin in the case of the propyl compound) were mixed and 
heated to about 60°. When the solution had become neutral to 
litmus, 20 c.c. of N-sodium hydroxide and 4 c.c. of the chlorohydrin 
were added and the mixture was heated for a further 15 minutes. 
The precipitated oil was removed in ether. 

An attempt to distil phenyl $-hydroxyethyl sulphide under 
diminished pressure gave an unsaturated compound, probably due 
to the splitting out of water from the side chain giving rise to phenyl 
vinyl sulphide. The preparation of the chloroethyl sulphide was 
therefore carried out with the crude hydroxy-compound by means 
of the Darzens reaction (preceding paper, p. 1671). The products 
were removed by ether extraction. 
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Phenyl @-chloroethy] sulphide is a colourless liquid with a rather 
pungent smell and a very slight vesicant action; b. p. 117°/12 mm. 
(Found: Cl, 20-4. Cale.: Cl, 20-55%). Phenyl y-chloropropyl 
sulphide is a colourless liquid and is not appreciably vesicant ; b. p. 
137°/13 mm. (Found: Cl, 18-8. C,H,,CIS requires Cl, 19-0%). 

Reaction of the Chloro-sulphides with Piperidine.—This reaction 
was investigated with a view to employ it as a means of determining 
the relative reactivities of the chloro-compounds. 

o-Nitrophenyl §-chloroethyl sulphide (1 g.) was boiled under 
reflux for 8 hours with piperidine (1-2 g.) and alcohol (10 c.c.). The 
mixture was then made slightly alkaline and distilled in steam to 
remove the alcohol and excess of piperidine. The remaining oil 
was dissolved in ether, and the solution dried. On passing dry 
hydrogen chloride into the ethereal solution, a precipitate was 
formed (0-7 g.), m. p. 231°. This compound was soluble in water 
and the addition of sodium hydroxide caused the precipitation of an 
oil, which solidified to give pale yellow crystals, m. p. 45°, 
of o-nitrophenyl -piperidinoethyl sulphide (Found: N, 10-7. 
C,3H,,0,N.5 requires N, 10-5°). The compound precipitated from 
the ethereal solution was therefore the hydrochloride of this 
base. 

Evaporation of the remaining ethereal solution gave a dark 
oil which did not crystallise. It gave a negative result with a test 
for chlorine, but its reaction with potassium permanganate as com- 
pared with that of the original chloro-sulphide indicated the presence 
of an unsaturated group. It was therefore probably o-nitrophenyl 
vinyl sulphide. 

Further experiments with only one equivalent of piperidine did 
not give improved yields of the hydrochloride. 

p-Nitrophenyl §-chloroethyl sulphide, when subjected to the 
same reaction, also gave similar products, namely, a base and an 
unsaturated compound. The hydrochloride had m. p. 217° and 
the free base, p-nitrophenyl 8-piperidinoethyl sulphide, melted at 52°. 

Reaction of the Chloro-sulphides with Alcoholic Sodium Hydroxide.— 
A comparison of the reactivities of the chloro-sulphides with alcoholic 
sodium hydroxide was made in the following way: The chloro- 
sulphide (0-001 mol.) was weighed into a test-tube, 5 c.c. of absolute 
alcohol were pipetted on to it, and the mixture was gently warmed 
to bring the organic matter into solution. N/5-Sodium hydroxide 
(5 ¢.c.) was added, and the tube was stoppered and immediately 
immersed in a thermostat. After a definite period of time, the 
contents of the tube were washed out and titrated with standard 
hydrochloric acid. 
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The following table summarises the results : 


Titration of Amount of NaOH 

Time reaction mixture (expressed as 

Compound. Temp.  (hrs.). (c.c. of 0-1N-HCl).  c.c. of acid). 
o-NO,-C,H,‘S-C,H,Cl 55° 8-13 
m-NO,°C,H,S-C,H,Cl 55 7-13 
p-NO,-C,H,'S-C,H,Cl 55 8-25 
55 2-84 
55 0-76 
p-NO,'C,H,'S-C,H,Cl 55 0:78 


sete 
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Some experiments were also conducted at 42°: 


p-NO,-C,H,S-C,H,Cl 42° 0-5 4-00 6-00 
Ph-S-C,H,Cl 9-55 0-45 
p-NO,'C,H,'S:C,H,Cl # 9-80 0:20 
Ph-S-C,H,Cl ; 9°75 0-25 


When p-nitrobenzyl @-chloroethyl sulphide was subjected to this 
-reaction, some other reaction than replacement of chlorine by 
hydroxyl took place, for a brown compound was produced along 
with a peculiar odour which was always present when an attempt 
to condense the sodium salt of p-nitrobenzyl mercaptan with 
ethylene chlorohydrin did not give the desired thioether. The 
hydroxy-compound is also decomposed by sodium hydroxide in a 
manner similar to that of the chloro-compound. 

It follows that with respect to the reaction with sodium hydroxide 
in alcoholic solution, these compounds may be arranged as follows 
in descending order of reactivity: p-NO,°C,H,S°C,H,Cl> 

o-NO,°C,H,'S:C,H,Cl>m-NO,°C,H,'S:C,H,Cl> Ph:S-C,H,Cl> 
Ph'S:C,H,Cl and p-NO,°C,H,°S°C,H,Cl. The method used is not 
sufficiently accurate to enable a statement to be made as to which 
of the last two compounds is the more reactive. 

Hydrolysis of the Chloro-sulphides.—The chloro-sulphide (0-001 
g.-mol.) was dissolved in alcohol (25 c.c.), and the solution placed 
in a thermostat at 75° for several minutes. Water (25 c.c.) which 
had been immersed in the thermostat was then added, the time 
noted, and the reaction flask stoppered. After a definite time 
interval, the contents of the flask were cooled, diluted with water, 
and titrated with standard sodium hydroxide solution. 

From this titration value, the proportion of hydrolysis (x) was 
calculated, and values for the relative reactivities were obtained 
from the expression 


Relative reactivity = t, log {1/(1 — x,)}/t, log {1/(1 — 2,)}, 


t, and x, being the values found for Ph:S°C,H,Cl. 
The following table summarises the results :— 
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Substance. x. Time (mins.). Rel. reactivity. 


Ph-S-C,H,Cl 0°748 15 1:0 
o-NO,-C,H,-S-C,H,Cl 0-243 130 0-023 
m-NO,-C,H,°S°C,H,Cl 0°628 130 0°083 
p-NO, C,H, 'S-C,H,Cl 0-460 130 0-052 
Ph-S-C,H,Cl 0°081 300 0°003 
p-NO,-C,H,°S-C,H,Cl 0°027 300 0°0010 


This order of relative reactivities was confirmed in two further 
sets of experiments. 

p-Nitrobenzyl @-chloroethyl sulphide is omitted from the above 
list, since the product of its hydrolysis was undoubtedly a mixture. 
After the hydrolysis of p-nitrophenyl @-chloroethyl sulphide, the 
corresponding hydroxy-compound crystallised from the reaction 
mixture. p-Nitrobenzyl £-chloroethyl sulphide, however, yielded 
an oily product which did not crystallise even on inoculation with 
a crystal of the pure hydroxy-compound. An unsaturated impurity 
was found to be present. 

Reaction of the Chloro-sulphides with Potassium Iodide.—This 
reaction was applied under conditions similar to those used by 
Conant and others (/oc. cit.), namely, the initial concentrations of 
the organic chloro-compound and the potassium iodide were in the 
ratio 5:1, the iodide concentration being approximately 0-04N. 
Absolute acetone, purified as described by Conant and Kirner (J. 
Amer. Chem. Soc., 1924, 46, 233), was used as solvent. 

Andrews’s method for estimation of iodide in presence of chloride 
(J. Amer. Chem. Soc., 1903, 25, 756), as used by Conant and others, 
was found to be unsatisfactory in the present investigation, owing 
to reaction between the iodic acid and the organic sulphide in the 
chloroform used for indicator. Even after removal of the organic 
compound, the end-point with chloroform as indicator was not 
well defined, and starch could not be used owing to the great acidity 
of the solution. 

A convenient method in which starch can be used as indicator 
was found in that described by Lang (Z. anorg. Chem., 1922, 122, 
332), depending on the addition of an oxidising agent (e.g., potassium 
iodate) to an acid solution of an iodide in presence of hydrogen 
cyanide. The iodine is converted quantitatively into iodine cyanide, 
which does not colour starch. As the acidity of the solution is 
approximately normal (when hydrochloric acid is used), starch 
can be used as indicator. Acetone in the titration flask causes 4 
temporary fading of the blue starch-iodide colour when near the 
end-point, e.g., a further drop of iodate solution regenerates the 
blue colour, which then fades again on standing : this occurs until 
the true end-point is reached, after which addition of iodate no 
longer causes an evanescent blue colour. Thus, although the 
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acetone does not affect the value for the end-point, its presence makes 
the determination difficult. The acetone was therefore removed by 
passing a current of steam through the solution before titrating it. 

The experimental procedure adopted in these measurements was 
as follows: 50 C.c. of 0-04N-potassium iodide (in the pure acetone) 
were added to 0-01 g.-mol. of the organic halide contained in a 
conical flask. The organic compound dissolved rapidly and as 
soon as it was thoroughly mixed, 5 c.c. of the mixture were pipetted 
into a separating funnel containing 20 c.c. of water. This preci- 
pitated the organic halide and prevented any reaction: in the 
estimation as subsequently described, this reading gave the blank for 
calculating the concentration of the potassium iodide in the reaction 
and also the value for A, in the formula (below). 5 C.c. lots of 
the mixture were pipetted into each of a series of nine tubes (made 
of stout glass tubing, about 6 in. long and 0-5 in. inside diameter) 
which were then sealed up in the blow-pipe flame. These tubes 
were placed in a thermostat at 55-0°. 

After about 30 minutes, one of the tubes was removed and opened 
and the contents were washed into water (10 c.c.). The time was 
noted and this was counted as the zero time of the readings. The 
whole was then extracted with chloroform (four portions of 5 c.c.), 
the chloroform extracts being washed with water (10 c.c.) to recover 
any potassium iodide solution which may have been removed 
mechanically in the chloroform. This aqueous washing of the 
chloroform was finally extracted with 5 c.c. of chloroform. The 
aqueous solution was then distilled in steam for 3 minutes to remove 
the chloroform and acetone, a splash-bulb being used to prevent 
any loss. The mixture, which then had a bulk of about 70 c.c., 
was cooled and concentrated hydrochloric acid (15 c.c.) and potassium 
cyanide solution (8 c.c. of N/2) were added. It was titrated against 
0:003M-potassium iodate solution, starch being used as indicator. 

At definite time intervals, tubes were removed from the thermostat 
and worked up as indicated above. The velocity coefficient was 
calculated from the bimolecular formula 


2-302 top, (440+ 40)4y 


«= Fol —1,) 8 (44, + A,)A,’ 


where A, = blank titration value at the commencement of reaction, 
A, = titration value at time t,, A, = titration value at time f,, and 
6 = the concentration of potassium iodide in the reaction (calc. from 
Aj), time being measured in hours and the concentrations in g.-mol. 
per litre. 

Except in one instance, the greatest percentage variation among 
the values for & in a series of measurements is less than 10%, which 
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is satisfactory in view of the necessarily complicated experimental 
procedure. 
o-Nitrophenyl 6-Chloroethyl Sulphide —0-01 G.-mol. mixed with 
50 c.c. of 0-04N-potassium iodide in pure acetone. Temperature 
of thermostat 55-0°. The titrations (A) are expressed as c.c. of 
0-003.M -potassium iodate. 
(t.—t,) in hrs. A, k. (t.—t,) in hrs. A. k. 
32°55(A,5) — 22°16 0-181 
31:11(4,) — 19:46 0-181 
28-89 0-193 17-39 0-176 
27-04 0-184 15-44 0-174 
25-55 0-173 13-42 0-177 
Mean 0-180 


Mean value in an independent experiment, 0-177. 


The following table summarises the measurements of the reaction 
velocities of the remaining compounds studied. 

In each case 0-01 g.-mol. of the chloro-sulphide was dissolved 
in 50 c.c. of 0-04N-potassium iodide solution, and the temperature 


of the reaction was 55-0°. 
k (independent 
Substance. Limits of k. k. observation). 
m-NO,°C,H,'S-C,H,Cl 0-180—0-198 0-189 0-187 
p-NO,°C,H,'S-C,H,Cl 0:250—0-267 0:257 0-252 
p-NO,'C,H,°CH,'S:C,H,Cl ... 0-206—0-227 0-215 0-235 
p-NO,'C,H,:S:C,H,Cl 0-817—0-886 0:836 0-820 
Ph-S-C,H,Cl 0-084—0-100 0-091 0-086 
Ph-S-C,H,Cl 0:321—0-342 0:330 0-343 


We wish to thank the Chemical Society for assistance in the 
purchase of materials, and the Department of Industrial and 
Scientific Research for a maintenance grant which has enabled one 
of us (W. A. B.) to take part in the work described in this and the 
preceding paper. 
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CCXV.—The Chemistry of Polycyclic Structures in 
Relation to their Homocyclic Unsaturated Isomerides. 
Part VIII. The Differing Effects of the gem- 
Dimethyl and spirocycloHexane Growpings on 
the Direction of Blocking of an Intra-annular 
Tautomeric System by Substitution. 

By CuHRISTOPHER KeELK INGoLD and ERNEST ARTHUR SEELEY. 

In Parts I and II (Farmer and Ingold, J., 1920, 117, 1362; Farmer, 


Ingold, and Thorpe, J., 1922, 124, 128) proof was adduced that 
the bridged-ring ester (I), first prepared by Perkin and Thorpe (J., 
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1901, 79, 729), behaved as though it also had the structure (I1), 
and that its derivatives and hydrolysis products exhibited similar 
evidence of tautomeric behaviour. 


A. 


a se O,Et @ 
os _~C—C CO, Et 
 Y—C-0H Mee< L0H 

CO,Et ® CO, Et © 
(I.) (more stable type) (II.) (less stable type) 

It then became of interest to ascertain which of the two types of 
structure would be perpetuated when substitution converted the 
tautomeric parent into a static derivative. Thus the sodio-deriv- 
ative of the above hydroxy-ester might methylate on carbon in 
position 2 through form (I) or in position 4 through form (II), 
giving, in the first case, a stable bridged ring, and, in the second, 
a stable monocyclic derivative. This question was answered in 
Part V (J., 1923, 123, 3303) where it was shown that the static 
methyl derivative possessed the bridged constitution (III) and not 
the monocyclic structure (IV) : 

CO,Et CO,Et 
—CMe:CO, Et C——C-CO,Et 
(1IL.) MeC<. & MeC< on m (IV.) 
CO,Et CO,Et 
(static; formed) 

Part IV (J., 1923, 123, 853) recorded an investigation of the 
derivatives of a hydroxy-ester (V, VI) analogous to (I, II) but 
containing a spirocyclohexane ring in place of the gem-dialkyl 
group. Ingold and Thorpe (J., 1919, 115, 320) had adduced 
theoretical reasons for believing that the bridged structure in 
type (V) would be less stable than that in type (I); and it was 
subsequently found (Part IV, loc. cit.) that the reactions indicating 
the cyclopentene phase are actually more pronounced, and those 
indicating the bridged phase less pronounced, in the cyclohexane 
than in the gem-dimethy] series. 

CO,Et . * ~ CO,Et 

‘ CH,°CH, C-C°CO,Et CH,°CH., ~~C=C-CO, Et 

OHS CH-CH, °SG-6-0H CHS or CH,” S0=6-0H 
CO,Et CO,Et 
(V.) (less stable form) (VI.) (more stable form) 


_ It therefore seemed possible that the blocking of the mobile 
intra-annular system by methylation might occur through the 
unbridged form in the cyclohexane series, the methyl group entering 
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in position 4, in contrast to the established course of the reaction 
in the gem-dimethy] series. 

When the methylation product obtained from the sodio-derivative 
of the spirocyclohexane ester (V, VI) is boiled with hydrochloric acid, 
a solid acid ester is obtained which may be formulated either as (VII) 
or as (VIII) according as the methyl group occupies position 2 or 4. 


O,H CO, H 
C—CMe:CO,M: — ‘CO, Et 
CHa >CQE fg yi 4 eae O 
CO, Et 
(VIL) (VIII.) (static; ie 


These formulz assume that one of the carbethoxyl groups has 
been converted into a carbomethoxyl group during methylation; 
a partial conversion of this nature was established by Ingold and 
Thorpe (loc. cit.) and similar interchanges have frequently been 
recorded. The position given to the free carboxyl group is tent- 
atively assigned on the grounds that the acid ester does not evolve 
carbon dioxide at its melting point. Any doubt which might be 
entertained on these points does not affect the substance of this 
argument. Either type of formula necessarily represents the acid 
ester as a substance in which intra-annular tautomerism has been 
suspended by substitution. 

Hydrolysis of the acid ester with alcoholic potassium hydroxide 
leads to the production of a dibasic acid, C,;H,,0;, the properties 
of which determine the position of the methyl group. The possible 
constitutions of an acid of this composition derived from an acid 
ester having formula (VII) are given by formule (IX) and (X); 
on the other hand, if the acid ester possessed the structure (VIII), 
the dibasic acid might be represented either by (XI) or by (XII). 


0,H "OsH 
(—IX.) C HCC ho (Me CO C,H, >C<—= 
0,H 


‘OH 


ei 


CO,H 
(XI.) C HC oy C;H,)>C ~“ p00, en, (XIL) 
eit 


Of these four formule, (XII) alone is consistent with the following 
properties of the isolated acid: (a) It gives a deep violet colour 
with ferric chloride, and is therefore a §-hydroxyacrylic acid. 
(6) It readily yields a stable cyclic anhydride, from which the 
original acid can be recovered after fission of the anhydride ring 


POLYCYCLIC STRUCTURES, ETC. PART VIII. 1687 


with hot alkali. (c) On treatment with a cold dilute solution of 
bromine in acetic acid, the dibasic acid undergoes nuclear sub- 
stitution, one atom of hydrogen being replaced (compare Part IV, 
loc. cit., pp. 857—862). 

Formula (XII) connotes, of course, only one of the possible 
intra-annular tautomeric forms possessed by the dibasic acid 
C,3;H,,0;, and we regard formule (XIV) and (XV) as representing 
the most probable constitutions of its anhydride and bromo- 
derivative, respectively. 

CO,H CcO-0-CO 

: CH— CH, = 
(XUL) CsHip>CCoar hig CH >CCaa ax IV.) 
00; H 

——UBrCO,H (xy, 
CMe—CO 


These observations show that the static methylation product 
(VIII) has a formula of the type assigned to it, the tautomerism of 
the spirocyclohexane five-carbon nucleus having been suppressed by 
methylation in a direction conforming to the general chemical 
differences between this series and the corresponding gem-dimethyl 
series of intra-annular tautomeric compounds. 

These experiments necessitate a revision of the structures which 
Ingold and Thorpe (loc. cit.) assigned to certain derivatives of the 
mobile ester (V, VI) before the intra-annular tautomerism of the 
five-carbon nucleus was discovered. Thus the ester was assumed 
to methylate in position 2 by analogy with the methylation of the 
gem-dimethyl ester (I, II). The formula now suggested for the 
methylated product is XVI (R=Me), the probable structures of 
the fission products, m. p.’s 172° and 185°, being represented by 
XVII and XVIII (R=Me). Corresponding changes are necessary 
in the structures of the homologues (XVI, R=Et; XVII, R=Et; 
XVIII, R=H) and derivatives : 


CO,Et 0,H 


i -CO,Et HR-CO,H 
C.H,,> C sHy>0K ~~ 
R a 0-CO-CH, 


CO,R 


= Me, oil. R = Me, m. p. 172°. 
(XVI) <. Et, oil. (XVII) {Rr — Et, m. p. 149°. 


0,H 
CH—C(OH)-CO H 7 fR = M + J . ° 185°. 
C5Hig>C | * VOL) 1R an 206°. 
CHR:CO 


C,H, >c<¥ 
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EXPERIMENTAL 


Methyl Ethyl Hydrogen 4-Methyl-5-cyclohexanespiro-A!-cyclopen- 
ten-3-one-1 : 2 : 4-tricarboxylate (VIII).—The yellow sodio-derivative 
(20 g.) of ethyl 5-cyclohexanespirodicyclopenten-3-ol-1 : 2 : 4-tri- 
carboxylate was heated with a large excess of methyl iodide as 
described by Ingold and Thorpe (loc. cit.), and the crude methylation 
product (19 g.) was boiled for 12 hours with 20% hydrochloric acid. 
On extraction with ether a stiff gum was obtained which solidified 
after 2 months; the acid ester was then crystallised from ether- 
ligroin. It separated in prisms, m. p. 92—93° (Found: C, 60-9, 
61:0; H, 6-7, 68; M, by titration, 339. C,,H,.0, requires 
C, 60-4; H, 6.6%; M, monobasic, 338). 

4-Methyl-5-cyclohexanespiro- (0 : 1 : 2)-dicyclopenten-3-ol-1 : 2-di- 
carboxylic Acid [4-Methyl-5-cyclohexanespiro-(0 : 1 : 2)-dicyclopen- 
tan-3-one-1 : 2-dicarboxylic Acid] (XII).—The above acid ester was 
boiled with 2-2 parts of potassium hydroxide in 4N-solution in 
absolute methyl alcohol, and after 6 hours the precipitate was 
collected, dissolved in water, and decomposed by dilute hydro- 
chloric acid (carbon dioxide was evolved). The aqueous solution 
was extracted thoroughly with ether, and the acid thus recovered 
was crystallised first from ether—ligroin and then from ether (Found : 
C, 61:8; H, 64; M, by titration, 126-3. C,,H,,0, requires (C, 
61-8; H, 6-4%; WM, dibasic, 126-1). 

The acid has: m. p. 214—216°, and with an aqueous alcoholic 
solution of ferric chloride gives an intense violet coloration which 
after several minutes is replaced by a yellowish-brown precipitate. 
A dilute solution of permanganate was decolorised in about 1 minute. 
Oxidations with permanganate and with ferricyanide were tried on 
a larger scale under various conditions, but the products could not 
be crystallised. 

The Anhydride (X1V).—The acid (0-4 g.) was heated for 20 minutes 
with 6 c.c. of acetyl chloride at 100°, and the residue obtained on 
evaporation was rubbed with aqueous sodium hydrogen carbonate 
and dried on porous porcelain. Subsequent treatment indicated the 
presence of a small amount of unchanged acid, which was difficult 
to remove by crystallisation, and the product was therefore again 
treated with acetyl chloride and the residue crystallised twice 
from ether-ligroin ; large, pale green prisms, m. p. 95°, were then 
obtained (Found by microanalysis: C, 65:9, 66:3; H, 6-0, 6-6. 
C,3H,,0, requires C, 66:6; H, 60%). The green colour of this 
substance, which is absent from the acid, is similar to that of keto- 
malonic ester, which also contains a cross-conjugated system. ‘The 
anhydride is affected only very slowly by boiling water, but is 


POLYCYCLIC STRUCTURES, ETC. PART VIII. 1689 


hydrolysed by hot aqueous sodium hydroxide, yielding the sodium 
salt of the original acid, m. p. 214—216° (mixed m. p. the same). 
A solution of the anhydride in ether-ligroin gives precipitates with 
p-toluidine and p-chloroaniline which are soluble with effervescence 
in sodium hydrogen carbonate and are therefore presumably the 
substituted amic acids. The anhydride does not give a colour with 
ferric chloride, but rapidly decolorises permanganate. 

The methyl-alcoholic filtrate from the potassium salt of the 
dibasic acid, on being worked up for organic acids, yielded a con- 
siderable amount of gum together with a small amount of a solid 
acid, which, after several crystallisations from benzene, had m. p. 
102—105°, but still did not appear quite pure. The investigation 
of this had to be discontinued for lack of material. 

2-Bromo-4-methyl-5-cyclohexanespiro-(0 : 1 : 2)-dicyclopentan-3- 
one-1 : 2-dicarboxylic Acid (XV).—The above dibasic acid (0-37 g.), 
dissolved in 10 c.c. of glacial acetic acid, was treated with 3 c.c. 
of a 10% solution of bromine in acetic acid (theory, 2-4 c.c.). After 
4 hours, the bromine was nearly decolorised. On concentration of 
the acetic acid solution at the ordinary temperature, the bromo- 
acid readily crystallised. It separated from ether—benzene in small 
prisms, m. p. 197—198° (Found: Br, 23-6. C,,H,,O;Br requires 
Br, 24-1%). 

4-Methyl-5-cyclohexanespirocyclopentan-3-one-l-carboxylic Acid 
(XIII).—The acid ester (VIII) was heated for 3 hours at 135—150° 
with constant-boiling hydriodic acid. The liquid was extracted 
with ether, and the iodine removed from the extract with aqueous 
sodium hydrogen sulphite. The product obtained on evaporation 
of the ether contained sulphur, but this was readily eliminated by 
crystallisation from ether-ligroin, which yielded the pure mono- 
basic acid, m. p. 114—116° (Found: C, 68-4; H, 8-6. C,,H,,05 
requires C, 68-5; H, 8-6%). 

The semicarbazone, prepared from the acid, semicarbazide hydro- 
chloride, and aqueous sodium acetate, has m. p. 223° (Found: 
C, 58-6; H, 8:2. C,,3H,,0,N, requires C, 58-8; H, 7-9%). 

Gums which cannot be crystallised were obtained on attempting 
to oxidise this ketonic acid with permanganate and ferricyanide at 
20—60°. 


We desire to thank the Chemical Society for defraying part of 
the cost of this investigation. 
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CCX VI.—The Nature of the Alternating Effect in Carbon 
Chains. Part XX. The Conditions underlying 
Vicinal Substitution in o-Substituted Benzenes 
containing op-Orienting Groups. 

By CHRISTOPHER KELK INGOLD and ErNgest WALTER SMITH. 


In Part V it was shown (Ingold and Ingold, J., 1926, 1310) that 
whilst acet-o-anisidine (I) and aceto-N-methyl-o-anisidine are 
nitrated mainly in the 4- and 5-positions, ON-diacetyl-o-amino- 
phenol (II), in which the disparity between the op-orienting powers 
of the groups is much greater, yields a large proportion of a vicinal 
nitro-derivative : 


15%, 23%, 


(L.) NH Ac HAc (II) 
OMe OAc 


The nitration of o-fluoroanisole which was recorded in Part VI 
(ibid., p. 1328) provided a still more striking example (III) of 
vicinal substitution in a nucleus o-disubstituted with op-orienting 
groups, and in Part VII (ibid., p. 1685) the hypothesis was advanced 
that, in general, the proportion of v-substitution is a function of the 
disparity between the polar activities of the groups.. It was sug- 
gested, as a possible explanation, that in an unbalanced system in 
which the reaction phases are determined almost wholly by one 
group, the second group may regulate the relative importance of 
these by controlling the displacement of valency-electrons past the 
points more directly under its influence. 

An opportunity for testing this matter appeared to be provided 
by the recorded observations on the substitution of the halogen 
derivatives of benzene. Thus the experiments of Holleman (Rec. 
trav. chim., 1915, 34, 204) and Swarts (ibid., 35, 131) on the nitration 
of o-‘and p-dihalogenobenzenes indicate the sequence F<Cl,Br<I 
for the op-directive powers of the halogens; and although (owing 
to the mutual interference of the groups) caution is necessary in 
generalising from such observations when the directive powers of 
the groups are close together (as with Cl and Br), the complete 
sequence F<Cl<Br<I is indirectly confirmed by the regular 
gradation of the nuclear reactivity of the monohalogenobenzenes 
(Olivier, ibid., 1914, 33, 244; and unpublished observations by 
Miss F. R. Shaw), and of the dipole moment of comparable mono- 
and di-halogeno-derivatives (Héjendahl, Nature, 1926, 117, 896; 
Errera, Compt. rend., 1926, 182, 1623). 
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The methoxyl group is more strongly op-orienting even than 
iodine (see below), and hence the above sequence can be expanded 
to F<Cl<Br<I<OMe. Therefore, if the circumstances regulating 
vicinal substitution have been correctly conceived, the successive 
introduction of these groups into the o-position of anisole should 
produce a series of substances which, taken in order, should show 
diminishing v-substitution. Since the proportion of v-nitration of 
o-fluoroanisole has been shown to be 66% (Part VI),* whilst that of 
veratrole (VII) is 0%, the other o-halogenoanisoles should fall into 
their places between these limits. 

No support for this deduction was forthcoming from the literature. 
The nitration of o-chloroanisole has been investigated successively 
by Fischli (Ber., 1878, 11, 1463), Reverdin (Ber., 1896, 29, 2598), 
and Reverdin and Eckhard (Ber., 1899, 32, 2622), all of whom 
describe the 4-nitro-derivative, but none mentions the formation of 
any by-product. Reverdin also nitrated o-bromoanisole (loc. cit.) 
and o-iodoanisole (ibid., p. 997), but in neither case observed the 
formation of any isomeride of the 4-nitro-compound. We therefore 
re-investigated the nitration of all these substances, and are able 
to show that the 6-nitro-compounds also are formed, and that the 
proportions of vicinal substitution fit into the series as is shown in 
the following formule (IV, V, VI) : 


66% 56% 52% <38% 0% 


OMe OMe OMe OMe OMe 
1 Br OMe 


(III.) (IV.) (V.) (VI.) (VII.) 


Since the total proportions of the 3- and 5-isomerides oriented by 
the halogen atoms are only of the order of 2—3°, (see experimental 
portion), the diminishing vicinal substitution in the above series is 
accompanied by a closely corresponding increase in substitution 
para to the methoxyl group. 


EXPERIMENTAL. 


Nitration of o-Chloroanisole.—A cooled solution of 3-1 g. of nitric 
acid (d 1-5) in acetic anhydride (12 c.c.) was very slowly added to a 
solution of o-chloroanisole (10 g.) in acetic anhydride (40 c.c.), 
which was cooled in ice and mechanically stirred. When the addi- 
tion was complete, the solution was allowed to warm to the 
laboratory temperature and to remain thereat for several hours, 

* A still more extreme case of v-substitution can be foreseen in o-fluoro- 
acetanilide, which has not yet been investigated, but should yield slightly 
more than 66% of the 6-nitro-derivative under the conditions used in this 
investigation and in Part VI. 
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after which the solvent was removed by distillation under reduced 
pressure. Distillation of the product yielded 0-8 g. of unchanged 
o-chloroanisole, b. p. about 100°/13 mm. (Found : C, 56-5; H, 4:8. 
Cale.: C, 56-2; H, 49%), and 0:5 g. of undistillable residue, pro- 
bably dinitro-derivatives, the whole of the remainder being a mixture 
of mononitro-derivatives (Found: C, 44-9; H,3-2; N,7:°7. Calc.: 
C, 44-8; H, 3:2; N, 7-5%) having b. p. 125—165°, which is the 
b. p. range of an artificial mixture of 4- and 6-nitro-2-chloroanisoles 
(see below). 

The mononitro-derivatives were boiled under reflux with 5% 
sodium hydroxide for 1 hour, preliminary experiments having 
shown that the labile isomerides (3- and 5-) are completely decom- 
posed under these conditions and that the reagent is without action 
on the 4- and 6-nitro-compounds. The latter were extracted with 
ether, the aqueous solution was acidified with dilute nitric acid, 
and the nitroguaiacols were extracted with the same solvent. The 
chloride ion was then estimated either gravimetrically or volu- 
metrically. The values in three separate nitrations were 1-64%, 
1-61%, and 1-50%. The yield of mixed nitroguaiacols isolated by 
extraction with ether from the combined aqueous solutions obtained 
in the three experiments was equivalent to 1-4% of converted 
chloronitroanisoles, that is, the yield was 89% on the basis of the 
chloride estimations. Distillation in steam yielded a yellow solid 
which when crystallised from water gave a small amount of 3-nitro- 
guaiacol, m. p. 61°, identified by direct comparison; and crystall- 
isation of the original mixture yielded 5-nitroguaiacol, which was 
similarly identified. 

The mixture of 4- and 6-nitro-compounds contained in the 
ethereal extract from the alkaline solution was analysed by the 
freezing-point method either directly or after distillation (b. p. as 
before), preliminary experiments having shown that operations 
corresponding with those described above do not affect the results 
obtained. 

For the construction of the f. p. diagram, 2-chloro-4-nitroanisole 
(m. p. 95°) was prepared and purified as described by Reverdin. 
2-Chloro-6-nitroanisole was obtained by Holleman (Rec. trav. chim., 
1915, 35, 14) from 2 : 3-dichloronitrobenzene and sodium methoxide, 
but this method being unsuitable for the preparation of quantities 
sufficient for our purpose, the following process was evolved. 
o-Chlorophenol was added slowly to mechanically stirred, dilute 
nitric acid (1:3), and the mixture kept over-night at the ordinary 
temperature. The solid product was then collected, washed with 
water, and distilled in steam; from the distillate, bright yellow 
needles of 2-chloro-6-nitrophenol, m. p. 70° (softening at 65°), 
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separated. This was methylated with a large excess of methyl 
sulphate and dilute alkali by prolonged mechanical shaking at 40°. 
The product was collected, washed with sodium or ammonium 
hydroxide until colourless, and crystallised several times from 
aqueous alcohol; m. p. 56° (Found: C, 44:9; H, 3-4. Calc.: 
C, 44:8; H, 32%). . 

The freezing points were taken by the usual method in a double- 
jacketed tube, provided with arrangements for stirring and seeding, 
and surrounded by a water-bath, which was also stirred and kept 
at an approximately constant level well above the substance under 
examination. The rate at which the temperature was allowed to 
fall was always close to 0-3° per minute, and the maximal tem- 
peratures attained during freezing were accepted as valid readings 
provided that (a) the rise from the preceding minimum was close 
to 0:5°, (6) separation of solid with falling temperature but without 
total solidification did not take place. Temperatures were not 
corrected, but all were taken under the conditions mentioned on the 
same thermometer, which was graduated in fifths of a degree and 
could be read to tenths or less. The following values were obtained 
for mixtures of 2-chloro-4-nitroanisole and 2-chloro-6-nitroanisole : 

2-Chloro-4- 2-Chloro-4- 2-Chloro-4- 

nitroanisole. FP. p. nitroanisole. I. p. nitroanisole. 2. 2. 
100:0% 94-0° 66-3% 72:9° ; 34-8° 
91-7 89-3 61-0 71-0 . 37-9 
86-5 86-6 56-9 67-5 2 39-9 
82-5 84-0 53-2 64-7 24: 41-1 
78-9 81-9 47-1 58-0 . 43-0 
76-6 80-0 42-8 52-6 ; 44-6 
73°9 79-0 38-1 47-0 , 47-0 
721 77-5 34:3 42-0 . 48-8 
68-4 76-0 31-8 38°5 2. 53:3 

These figures lie on a two-branch curve showing a eutectic, 
f. p. 34:8°, containing 30-1% of the 4-nitro-isomeride, 

The f. p.’s of samples of mixed 4- and 6-nitro-compounds obtained 
in independent nitrations were 53-9° and 51-2°, which correspond 
with 43-2 and 41-3%, respectively, of the 4-nitro-derivative, since 
in each case the addition of small amounts of this compound raised 
the f. p. Another sample, f. p. 54-2°, corresponding with 43-8% of 
the 4-nitro-compound, on treatment with 22, 34, and 49% of its 
weight of the 6-nitro-derivative, had f. p.’s 44-7°, 40-8°, and 36-8°, 
respectively, which agree closely with the curve. 

The most probable values of the proportions of the isomerides 
to the nearest unit % are therefore: 4-nitro, 42%; 6-nitro, 56% ; 
3- plus 5-nitro-, 2%. 

The value for the 4-nitro-compound was confirmed by separation 
after the destruction of the 3- and 5-nitro-derivatives. The mixture 
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of the 4- and 6-nitro-compounds (10-00 g.) was fractionally crystall- 
ised from dilute alcohol, 32° of the pure 4-derivative being obtained. 
The combined residues had f. p. 46° on the branch of the f. p. curve 
in which the solid phase is the 6-nitro-isomeride. It follows that 
both isomerides can be qualitatively separated by crystallisation 
from dilute alcohol, followed by partial solidification of the fused 
residues. The above f. p. corresponds with 15% of the 4-nitro- 
compound, so that the quantity originally present was 32 + 
(0-15 x 68) = 42-2% of the binary mixture, that is, 41-6% of the 
original nitration product. 

Nitration of o-Bromoanisole-—These experiments were so similar 
to the preceding series that only the more important differences 
need be mentioned. 

Boiling with alkali for 4 hours was carried out to ensure complete 
destruction of the 3- and 5-nitro-compounds. 

2-Bromo-6-nitrophenol, m. p. 65°, which was prepared in the 
same way as its chloro-analogue, could not be methylated con- 
veniently with methyl sulphate, and was therefore converted into 
its silver salt, which was heated under reflux with a large excess of 
methyl iodide dissolved in benzene. Final purification was effected 
as in the case of the chloro-compound. M. p. 66°. 

The whole of the f. p. curve of the 4- and 6-nitro-compounds was 
not plotted, but only a portion containing the f. p. of the nitration 
mixture on each branch and the eutectic. It was found convenient 
to allow a slightly higher rise of temperature on freezing, and 1-0° 
was the standard taken. 

The results were as follows: The products from two independent 
nitrations yielded bromide ion corresponding with 2-70 and 2-67%, 
respectively, of the 3- plus 5-isomerides, and the yield of mixed 
nitroguaiacols was 85°% calculated on this basis. The f. p. curve 
used for analysis of the mixture of the 4- and 6-nitro-compounds 
was based on the following f. p. observations : 


2-Bromo-4- 2-Bromo-4- 2-Bromo-4- 
nitroanisole. F. p. nitroanisole. F. p. nitroanisole. F. p. 
00% 64-3° 23-7% 49-4° 36:9% 52-0° 
71 59-6 25-2 47-1 42-2 56-2 
13-3 55-7 27:3 46-8 43-4 57-5 
17:7 52-8 29-7 46-8 45-8 60-0 
20-2 50-9 32-2 48-3 50°5 65-0 


The curve contains two rectilinear branches intersecting at 29% 
of the 4-nitro-compound, the corresponding f. p. being 45:5°. The 
binary mixtures obtained from two nitration experiments had f. p.’s 
60-0° and 61-8°, indicating, respectively, 46-0 and 47-5% of the 
4-nitro-derivative, since additions of small amounts of this isomeride 
to the first sample showed the f. p. to be on the corresponding 
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branch of the curve. The second sample was mixed with the 
exact quantity of the 6-nitro-isomeride calculated to change the 
composition to that of the eutectic. The f. p. was then 45-0° and 
the addition of further small quantities of the 6-nitro-compound 
raised this. 

The most probable values of the proportions of the isomerides 
to the nearest unit °% are therefore: 4-nitro-, 45%; 6-nitro-, 52% ; 
3- plus 5-nitro-, 3%. 

Nitration of o-Iodoanisole.—o-Iodoanisole was nitrated in acetic 
anhydride solution (a) under the conditions used for the analogous 
chloro- and bromo-compounds, (b) at greater dilutions, (c) at a 
lower temperature, — 10° to — 5°. In each case, a small amount 
of iodine was liberated which afterwards became reabsorbed. For 
this reason, and also because it was not found possible selectively 
to destroy the 3- and 5-nitro-compounds by alkalis or bases (despite 
numerous exploratory experiments with o-iodonitrobenzene), we 
were unable to study the nitration product quantitatively. Rever- 
din (loc. cit.) isolated 60°, of the 4-nitro-compound from his nitration 
product, and we therefore endeavoured to isolate as much as 
possible of this isomeride by his method. From the products of 
two independent nitrations we obtained 62° and 58%, respectively, 
of this isomeride, but the residues could not be separated. 


THE UNIVERSITY, LEEDs. [ Received, May 11th, 1927.] 


CCX VIT.—Investigations in the Diphenyl Series. Part 
VI. The Configuration of Diphenyl Derivatives. 


By Frank BELL and Percy Harry Rosinson. 


THE normal and the acid quinine salt of 4-nitrodiphenic acid can 
be crystallised without showing any sign of resolution. 6-Nitro- 
diphenic acid is readily resolvable, and the optical activity is 
apparently of a normal degree of permanence. This striking differ- 
ence in behaviour of two such similarly constituted acids can be 
accounted for only by the assumption that the presence of the 
nitro-group in position 6 is essential to prevent the interchange 


CO,H CO,H 5 
er No, 


of the enantiomorphs (I) and (II). The fact that it has so far 
proved impossible to prepare tetranitrofluorenone (III) or tetra- 
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nitrophenanthraquinone (IV), whilst diphenic acid and_benzil 
readily yield tetranitro-derivatives (V and VI), could be anticipated 


NO, NO, 


NO, NO, 
(IIT.) me mK (IV.) 
O cO0-GO 


from this “obstacle’’ theory. Moreover, it would be expected 
that diphenic acids unsubstituted in the 6: 6’-positions should 


NO, xo, NO, NO, 
(v.) watt ans Swo, Nox > NO, (VI) 
O H CO,H at 
' CO-CO 


form anhydrides, in spite of many statements to the contrary (e.g., 
Adkins, Steinbring, and Pickering, J. Amer. Chem. Soc., 1924, 
46, 1918; Underwood and Kochmann, tbid., p. 2069). It is now 
found that 4-nitro- and 4 : 4’-dinitro-diphenic acids yield anhydrides 
under suitable conditions; an attempt to prepare the anhydride 
of 6-nitrodiphenic acid was, however, unsuccessful. According 
to the present hypothesis, a diphenyl derivative with two suffi- 
ciently large groups in the 2- and 2’-positions, that is, groups which, 
owing to size or electrical character, are unable to pass the 
6’- and 6-positions, respectively, should be capable of resolution 


’ 


R 
- R 

(VII.) i, a, ce —\ (VIII) 
* 7 YY 


(VII and VIII). Suitable derivatives for testing this point have 
not yet been obtained. The dicamphorsulphonyl derivative of 
2: 2’-diaminodiphenyl was a viscous mass, and the camphor(and 
bromocamphor)-sulphonates of several 2: 2’-derivatives of tetra- 
methylbenzidine proved unsuitable for crystallisation. Menthyl 
hydrogen and di-d-8-octyl diphenates were not obtained in a solid 
condition, but dimenthyl and d-8-octyl hydrogen diphenates were 
crystallised from several solvents without showing any indication 
of resolution. The resolvability of such compounds is therefore 
still an open question. 


EXPERIMENTAL. 


Optically Active 6-Nitrodiphenic Acid.—Morphine hydrate (7:7 g.) 
was added to a boiling solution of 6-nitrodiphenic acid (7-2 g.) 
in alcohol (500 c.c.). The precipitated salt (7-8 g.; m. p. 224°) 
(Found: C, 63-6, 63-7; H, 5-4, 5-3%. [a]544, —87-5° in pyridine, 
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c= 4-99; 1 = 2-0) was extracted repeatedly with boiling alcohol, 
and the product ([«]54¢; —91:5° in pyridine; c= 4:81; 1 = 1-0) 
was dissolved in a large bulk of boiling water and decomposed 
with a slight excess of hydrochloric acid. The solution was extracted 
with ether, and the extract was repeatedly washed with dilute 
hydrochloric acid, dried with sodium sulphate, and then evaporated 
to dryness. The residue was further purified by reprecipitation 
from solution in ammonia by hydrochloric acid. The d + dl-6- 
nitrodiphenic acid melted indefinitely at 240—245°, and had 
[*]sag1 +56-2° (c = 5-91; 1 = 1-0) in absolute ethyl alcohol. 

The alcoholic mother-liquor containing the more soluble salt 
([<]sag, —84°6° in pyridine solution; c = 5-0, 1 = 1-0) was concen- 
trated and poured into dilute hydrochloric acid, and the precipitated 
| + dl-acid recovered as described above. The / + dl-acid melted 
at 239—245° and had [«];4,, —66-7° in ethyl alcohol (c = 5:07; 
1=1-0). Quinine hydrogen 6-nitrodiphenate was equally suitable 
and after one crystallisation gave on decomposition the d + dl-acid 
with [«];4¢, +62°. 

The acid ([«];4g, —66-7°) was dissolved in boiling acetic acid 
and allowed to crystallise slowly. The acid which crystallised 
had [«]54g, —57°6°, whilst the mother-liquor, on evaporation to 
dryness, gave an acid with [«];,4,, —60°3°. Solutions of four different 
samples of acid having a54,, = —1-12°, —2-90°, —3-38°, and +3-32° 
respectively in absolute ethyl alcohol were left in corked flasks at 
laboratory temperature for 6 months; they then had the values 
Osagy = —1-11°, —2-92°, —3-24°, and +-3-24°, respectively. 

Dichloride of 4-Nitrodiphenic Acid.—The acid was added slowly 
to warm thionyl chloride, and the resultant solution evapor- 
ated to dryness in a vacuum. The residual solid crystallised from 
benzene-light petroleum as a pale yellow powder, m. p. 90— 
92° (Found: C, 52-6; H, 2-1. C,,H,O,NCl, requires C, 51:8; 
H, 22%). 

4-Nitrodiphenic Anhydride—Thionyl chloride was added drop 
by drop to 4-nitrodiphenic acid, and the resultant solution evapor- 
ated to dryness in a vacuum. The residual solid crystallised from 
acetic anhydride in small needles, m. p. 205—207° (Found : C, 62:8; 
H, 2-4. C,,H,O,N requires C, 62-4; H, 2°6%). 

4:4'-Dinitrodiphenic Anhydride—4: 4'-Dinitrodiphenic acid 
(1-9 g.) and its acid chloride (2:1 g.) were heated under reflux with 
acetic anhydride for several hours. On cooling, the liquid filled 
with small prisms, which sintered at 125° and melted at 232—234° 
(Found: (©, 51-9; H, 3-0; loss on drying to constant weight 
at 130°, 24:3. C,,H,O,N,,C,H,O, requires C, 51-9; H, 2-9; loss, 
245%). After crystallisation from benzene, the a 

L 


1698 INVESTIGATIONS IN THE DIPHENYL SERIES. PART VI. 


a powder, m. p. 233—235° (Found: C, 54:1; H, 2-1. C,,H,0,N, 
requires C, 53-5; H, 1-9%). 

Dichloride of 6-Nitrodiphenic Acid (compare 4-nitrodiphenic 
acid).—This was a pale yellow powder, m. p. 87° (Found: C, 51-8; 
H, 2-2. C,,H,O,NCI, requires C, 51-8; H, 2-2%). Attempts to 
prepare the anhydride of this acid resulted in viscous products 
only. 

2 : 2’-Dibenzamidotetramethylbenzidine, prepared by interaction 
of the components in pyridine, separated from benzene as a crystal- 
line powder, m. p. 201° (Found: C, 75-9; H, 6-1. Cy9H3,0,.N, 
requires C, 75:3; H, 6-3), and 2: 2’-di-p-toluenesulphonylamido- 
tetramethylbenzidine, similarly prepared, crystallised from alcohol 
in leaflets, m. p. 203° (Found: C, 62:8; H, 5:8. C,,H3,0,N,5, 
requires C, 62:3; H, 5-9%). 

' 2-Aminotetramethylbenzidine, prepared by the same method as 
2: 2’-diaminotetramethylbenzidine, crystallised from alcohol in 
plates, m. p. 138° (Found: C, 74:8; H, 7-8. C,,H,,N; requires 
C, 75:3; H, 82%). 

d-8-Octyl hydrogen diphenate, prepared from diphenic anhydride 
and d-$-octanol in the usual way, formed large needles, m. p. 
70—73°, when crystallised from light petroleum (Found: equiv., 
349. C,.H,,O, requires equiv., 354). It was unchanged in rotatory 
power ([a])+51°; c=50; 1=1-0 in absolute ethyl alcohol) 
by recrystallisation from light petroleum or aqueous ethyl 
alcohol. 

Dichloride of Diphenic Acid.—Diphenic acid (20 g.) was dissolved 
in warm thionyl chloride (100 c.c.), and the excess of thionyl] chloride 
then removed in a vacuum. ‘The residue was boiled with benzene, 
and the solution was filtered from diphenic anhydride (2—3 g.) 
and diluted with light petroleum. A yield of 80% of the dichloride, 
m. p. 97°, was obtained. 

Dimenthyl Diphenate-—(a) A solution of equivalent quantities of 
menthol and diphenic acid dichloride in ether was boiled for 15 hours 
in the presence of potassium carbonate. Water was then added 
and the ethereal layer was separated, dried, and evaporated. The 
oily residue was dissolved in light petroleum, from which it separated 
in plates (yield 30%), m. p. 123—126°, [«]54¢, —118-6°, which, after 
recrystallisation from light petroleum, had m. p. 126° and [«]54¢) 
—120-4° in chloroform solution (c = 4-88, 1 = 2-0) (Found: C, 78:5; 
H, 8:3. C,,H,,0, requires C, 78-7; H, 8-9%). (6) A solution of 
equivalent quantities of menthol and diphenic acid dichloride in 
pyridine, after standing for 12 hours, was poured into water, and 
the resulting precipitate crystallised from light petroleum. Suc- 
cessive crops had [«],4,, —119-6°, —119-2°, —119-0° (yield 60%), 
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and after recrystallisation from light petroleum or acetic acid the 
ester had [«]54g; —120-3° (c = 4-94, 1 = 2-0). 


One of the authors (F.B.) is in receipt of a grant from the Depart- 
ment of Scientific and Industrial Research. 
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CCOXVITI.—Styrylpyrylium Salis. Part IX. Colour 
Phenomena associated with Benzonaphtha- and 
Dinaphtha-spiropyrans. 

By Rospert Dickinson and Isipor Morris HEILBRON. 


In a previous communication (this vol., p. 14) a preliminary account 
was given of the remarkable property exhibited by di-8-naphtha- 
spiropyran of forming in cold inert solvents colourless solutions 
which develop an intense violet-blue colour on heating; on cooling, 
the colour disappears and the substance may be recovered un- 
changed. This phenomenon, which may be repeated any number 
of times, we tentatively suggested might be accounted for by 
intramolecular change from the spiro-type (I) to the ortho-quinonoid 
system (II), a view which has been advanced by Léwenbein and 


4 3 3” 4’ 
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Katz also (Ber., 1926, 59, 1377), who almost simultaneously 
observed the same effects in the case of the 3-methyl, phenyl, and 
benzyl derivatives of the above compound. 

On the other hand, Dilthey, Berres, Hélterhoff, and Wiibken 
(J. pr. Chem., 1926, 114, 179), who have also examined this 
phenomenon, reject the quinonoid hypothesis on the grounds that 
(i) whereas true quinones mostly show a bathochromic effect in 
piperidine solution and never a hypsochromic action, di-8-naphtha- 
spiropyran gives only a yellow solution which is unaffected by heat 
(compare Dilthey and Wizinger, Ber., 1926, 59, 1856), and (ii) neither 
dibenzospiropyrans nor mixed benzo-$-naphthaspiropyrans show 
any alteration in colour either on melting or in solvents, although 
quinone formation is equally possible in both cases. They con- 
clude that the appearance of colour is due to ionic dissociation, the 
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coloured form being represented as a heteropolar molecule of the 
type (III) : 


H:CH CH:CH 
(III.) No 
iit 
AE: CH oe ‘CH 
ge PE ea 


The possibility of the Ot being due to free radical 
formation has been considered by Léwenbein and by Dilthey, both 
concluding that such a view is incorrect. Dilthey treated a hot 
solution of di-8-naphthaspiropyran in chlorobenzene with a stream 
of oxygen for an hour, and was unable to detect any change; a 
similar result was obtained with hydrogen. These two experiments 
show the absence of tervalent carbon and univalent oxygen, 
respectively. We have repeated the former, and also, on passing 
oxygen through a solution of the compound in toluene at 100°, 
could not detect any change, even after 15 hours’ treatment. 
Further, we find that the colour is unchanged by the addition of 
quinol, a reagent which almost instantaneously reduces all the 
known types of radicals, with disappearance of the colour (compare 
Ingold, Ann. Rep., 1924, 21, 115—121). In addition, both Léwen- 
bein and Dilthey have definitely shown that the molecular weights 
of these compounds are normal, whether the solution is coloured 
or not. 

We have now made a very extensive examination of various 
spiropyrans, and whereas we are in agreement with Dilthey that 
the colour effect is ionic in character, it will be shown that other 
factors enter into the case. In the first place, we have prepared 
benzo-8-naphthaspiropyran (LV) by the acid condensation of 2-naph- 
thol-l-aldehyde with o-hydroxystyryl methyl ketone, followed by 
hydrolysis of the resulting styrylpyrylium salt, and find that it 
exhibits, contrary to Dilthey’s generalisation, the characteristic 
colour changes in solution, a wine-red colour being developed in hot 
solvents. We have also prepared the 3- and 3’-methyl derivatives 
of (IV). The former was obtained by condensing 2 : 3-dimethy!- 
benzopyrylium chloride (Decker and Fellenberg, Annalen, 1909, 
364, 26) with 2-naphthol-l-aldehyde and resembles the parent 
benzo-$-naphthaspiropyran in all respects, giving a deep red solu- 
tion in boiling xylene and melting to a reddish-purple liquid. On 
the other hand, the isomeric 3’-methylbenzo-8-naphthaspiropyran, 
the preparation of which from the condensation of 2-naphthol-l- 
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aldehyde with o-hydroxystyryl ethyl ketone definitely fixes its 
structure, gives no coloured solutions in boiling solvents, nor does 
it melt to a coloured liquid. This compound is undoubtedly 
identical with that obtained by Dilthey and his co-workers (loc. cit.), 
who, however, from their method of preparation were unable 
definitely to fix its constitution. We have also prepared 3 : 3’-di- 
methyldi-8-naphthaspiropyran (V), ethyl di-8-naphthaspiropyran- 
3: 3'-dicarboxylate (VI), and 3: 3’-trimethylenedi-8-naphthaspiro- 
pyran (VII), none of which gives rise to highly coloured solutions. 


ae Fie 


(V, R = CH;; VI, R = CO,Et.) (VII.) 


These experiments taken in conjunction with the work of Léwen- 
bein and Katz (loc. cit.) lead to the conclusion that the conditions 
necessary for colour development are not wholly governed, as 
stated by Dilthey and his co-workers (loc. cit.), by the loading of 
the spiropyran with two naphthalene nuclei, but that the determin- 
ing factors are (a) at least one naphthalene nucleus must be present 
and (b) the 3’-carbon atom in the naphthapyran ring must be unsub- 
stituted. 

The obvious deduction to be drawn from (a) is that the ionised 
molecule arises through scission of the naphthapyran ring. Further- 
more, when it is considered that the system thus produced contains 


- y 
a strongly polar, conjugated group, 0—C=C—CH=CH—R (in 
which R represents the positively charged pyran residue), it will 
be seen that conditions peculiarly conducive to co-ordinated ring 
formation exist. In this connexion, factor (b) becomes operative. 
In the first place, it definitely proves that the quinonoid formulation 
fails to account for the observed facts. Secondly, it follows that, 
so long as the 3’-carbon atom in the benzo-$-naphthaspiropyrans is 
unsubstituted, “‘ chelate ’’ formation can readily occur, but that 
this process is absolutely precluded when any other group is sub- 
stituted for the free hydrogen atom. The same condition holds 
for the di-8-naphthaspiropyrans: here the positions 3 and 3’ are 
identical, but at least one of them must be unsubstituted. The 
cumulative experimental evidence has consequently forced us to 
the conclusion that the colour development is the result of a series 
of changes in which equilibrium is established between the neutral 


1702 DICKINSON AND HEILBRON : 


sptropyran and an ionised “ chelate ’’ compound, as represented by 
the following formule : 


ja mage CH:CH 
6°"4 wx 10H —. 
H:CH. 0:CH 
C,H, eo Hx Cul 


We are extending this investigation to include the influence of 
substitution in the 4- and 4’-positions of the spiropyran nucleus. 
It remains to be mentioned that we have so far failed to obtain a 
pyrylium salt or spiropyran by the condensation of 2-naphthol-1- 
aldehyde with dibenzyl ketone; two compounds have been isolated, 
the constitutions of which are under investigation. 


EXPERIMENTAL. 


Benzo-8-naphthaspiropyran (IV).—A_ solution of 2-naphthol- 
l-aldehyde (5 g.) and 2-hydroxystyryl methyl ketone (5 g.) in 
alcohol (40 c.c.) was treated with 60% perchloric acid solution 
(9 c.c.), saturated with dry hydrogen chloride, and kept fcr 3 days 
at 0°. The separated crystalline solid was then washed with ether, 
and shaken with concentrated ammonia in presence of excess of 
ether until it had dissolved. After being washed and dried, the 
dark ethereal solution was concentrated. The crystalline crust 
which separated was recrystallised first from ether, then twice 
from acetone with charcoal, and finally from aqueous acetone. 
The spiropyran was obtained in small, colourless, glistening plates ; 
these darkened at about 160° and melted at 168—169° to a deep 
purple liquid which very slowly resolidified, on cooling, with gradual 
fading of the colour. 

The spiropyran is soluble in concentrated sulphuric acid, giving 
a ruby-red solution, and develops with boiling alcoholic sodium 
hydroxide a purplish-red colour. Its colourless solutions in acetone, 
benzene, and xylene become wine-red on heating, the colour dis- 
appearing again on cooling. On warming with alcohol, a similar 
colour develops, but it is more purple, and is still more so when 
water is added to the solution (Found: C, 84-4; H, 4-4. C,,H 40. 
requires C, 84:6; H, 47%). 

3’-Methylbenzo-8-naphthaspiropyran.—Perchloric acid (8 c.c. of 
60%) was added to a solution of 2-naphthol-l-aldehyde (5 g.) and 
2-hydroxystyryl ethyl ketone (5 g.) in alcohol (40 c.c.), and the 
whole saturated with hydrogen chloride. The separated micro- 
crystalline perchlorate was washed with ether, suspended in benzene, 
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and treated with a few drops of concentrated ammonia. Water 
was then added and the benzene solution was separated, dried, 
and, after concentration, treated with light petroleum, whereupon 
crystals slowly separated (yield, about 2-5 g.). These were twice 
recrystallised from absolute alcohol (charcoal), finally being obtained 
in clusters of colourless, silky needles, m. p. 177—178° (Dilthey, 
loc. cit., describes pale yellowish needles, m. p. 174°). This spiro- 
pyran shows no colour change when heated with inert solvents, 
such as xylene. In concentrated sulphuric acid, the solution is 
orange-red (Found: C, 84-2; H, 5-3. C,.H,,0, requires C, 84-6; 
H, 51%). 

3-M ethylbenzo-8-naphthaspiropyran.—A solution of salicylaldehyde 
(2 g.) and methyl ethyl ketone (1-2 g.) in glacial acetic acid (6 c.c.) 
was saturated with hydrogen chloride and kept for a few hours to 
enable the primary condensation to become complete; 2-naphthol- 
l-aldehyde (2-9 g.), dissolved in acetic acid (9 c.c.), was then added, 
the colour changing from red to purple. After 12 hours, ether was 
gradually added, the pyrylium chloride slowly crystallising. This 
was collected, washed with ether, and shaken in ethereal suspension 
with an aqueous solution of sodium acetate until the colour was 
discharged. The ethereal solution, after being washed, dried, and 
concentrated, deposited pale greenish-yellow prisms, which were 
recrystallised first from ether and then from acetone, giving faintly 
greenish-yellow prisms. These darkened at 145° and melted at 149° 
to a purple liquid; on cooling, the colour faded but did not dis- 
appear completely until the substance had solidified, after several 
days. Colourless solutions of the spiropyran in acetone, xylene, 
etc., become wine-red on heating, the colour disappearing again on 
cooling. Its ruby-red solution in concentrated sulphuric acid is 
faintly fluorescent (Found: C, 84:5; H, 5-3. C,.H,,0, requires 
C, 84-6; H, 5-1%). 

3 : 3’-Dimethyldi-8-naphthaspiropyran (V).—A hot solution of 
2-naphthol-l-aldehyde (2-1 g.) and diethyl ketone (1 c.c.) in glacial 
acetic acid (10 c.c.) was saturated with hydrogen chloride. After 
the mixture had been kept at 0° for several days, a small amount 
of the pyrylium chloride separated in green needles. These were 
removed, and the mother-liquor was treated with excess of per- 
chloric acid; chocolate-brown needles of the salt slowly separated. 
Both products were dissolved in acetone (the chloride giving a 
violet and the perchlorate a dark red solution) and, while hot, 
treated with dilute ammonia, drop by drop, until the colour was 
discharged. The spiropyran crystallised from the yellow acetone 
solutions, either on evaporation or on the addition of water. Re- 
crystallised from benzene, the compound separated in pale lemon- 
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yellow rhombs, m. p. 238° to an olive-green liquid. It does not 
exhibit any colour changes when heated with solvents (Found: 
C, 85-9; H, 5-1. C,,H,,O, requires C, 86-2; H, 5-3%). 

4-2'. Hydroxy -1'-naphthylidene-1 : 2: 3 : 4-tetrahydro-8 : 9-benzo- 

xanthylium Chloride (annexed formula).—A solution of 2-naphthol- 

l-aldehyde (5 g.) and cyclohexanone (2 c.c.) 

in alcohol (50 c.c.) was saturated with 

hydrogen chloride and kept for 12 hours 

2 at 0°. The separated crystalline solid (yield, 

rn XH, 95°) was washed with ether and recrystallised 

from absolute formic acid previously saturated 

with hydrogen chloride. The salt separated 

in dark brown, glistening needles, insoluble 

in water and sparingly soluble in alcohol to 

a reddish-purple solution. In concentrated 

sulphuric acid its colour is orange-red (Found: C, 74:1; H, 5:2; 
Cl, 7-4. C,,H,,0,Cl,HCO,H requires C, 74:0; H, 4:9; Cl, 7-5%). 

3: 3’-Trimethylenedi-8-naphthaspiropyran (VII)—The  above- 
mentioned salt (2 g.), suspended in boiling alcohol (50 c.c.), was 
treated with sodium acetate, the heating being continued until the 
colour of the pyrylium salt was discharged, a curdy, greenish-yellow 
solid separating. After drying, this was twice crystallised from 
benzene, separating in minute, sulphur-yellow rhombs, m. p. 233— 
234° (decomp.). The yellow benzene solution exhibits a fine green 
fluorescence. The spiropyran is not appreciably soluble in alcohol, 
and does not fluoresce in concentrated sulphuric acid. A cherry- 
red colour slowly develops on prolonged boiling with alcoholic 
potash. This spiropyran does not exhibit any colour changes on 
heating in solvents (Found: C, 86-5; H, 5-4. C,,H,.0, requires 
C, 86-6; H, 5-2%). 

Ethyl Di-8-naphthaspiropyran-3 : 3'-dicarboxylate (V1)—A solu- 
tion of 2-naphthol-1-aldehyde (2 g.) and ethyl acetonedicarboxylate 
(1-2 g.) in hot alcohol (12 c.c.) was saturated with hydrogen chloride, 
and the passage of the gas was maintained until the solution was 
cold. After 2 days, the dark, crystalline deposit was washed with 
ether, suspended in hot acetone (which became bright red), and 
treated with dilute ammonia drop by drop until the colour was 
discharged. Alternatively, the pyrylium salt may be suspended in 
ether and hydrolysed by shaking it with aqueous sodium acetate, 
but the former method is preferred. The acetone solution, after 
being filtered, was treated with water until crystallisation ensued. 
Recrystallised from acetone, or benzene and light petroleum, the 
spiropyran formed pale sulphur-yellow rhombs, m. p. 205—207°. 
It is very stable to hydrolysing agents, resisting the action of 
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alcoholic potash, but with acids it readily reverts to the pyrylium 
salt (Found: C, 75-5; H, 4:9. C,,H,,0O, requires C, 75-6; H, 
49%). 


We desire to express our thanks to the Council of the Department 
of Scientific and Industrial Research for a grant to one of us (R. D.) 
which enabled this research to be carried out. 


THE UNIVERSITY, LIVERPOOL. [Received, May 27th, 1927.] 


CCXIX.—The Preparation of 4-Hydroxycoumarin 
Derivatives. 


By Istpor Morris HemBron and Dovetas Wi11AM HI. 


THE hydroxycoumarins here described were prepared as a preliminary 
to the study of their action on aryl magnesium compounds, details 
of which will be furnished in subsequent papers. 4-Hydroxy- 
coumarin (benzotetronic acid) was first described by Anschiitz 
(Annalen, 1909, 367, 169), who prepared it by condensing sodio- 
acetoacetic ester with o-acetoxybenzoyl chloride in ethereal solu- 
tion, followed by hydrolysis of the primarily isolated 3-acetyl-4- 
hydroxycoumarin (I). We have now obtained the substituted 
3-methyl-, 3-benzoyl-, and 3-benzyl-4-hydroxycoumarins in good 
yield by this method. The 3-phenyl derivative has not been 
examined, as it has already been obtained by Pauly and Lockemann 
(Ber., 1915, 48, 28) by the intramolecular condensation of methyl 
o-phenylacetoxy benzoate in presence of sodium at 160°. Employing 
the «-substituted acetoacetic esters, we expected to obtain the acetyl 
derivatives (II) on removal of solvent from the condensation mix- 
ture; the products, however, were sodium salts, from which the 
acetyl-free hydroxycoumarins were obtained when their respective 
aqueous solutions were acidified. 


C-OH CO 


“a \o-CO-CH, -R-COCH; qr) 
0 0 
o 


(R = CH;, COPh, or CH,Ph) 

The extraordinarily ready elimination of acetyl is at first sight 
somewhat anomalous. It has been shown, however, by Widmann 
(Ber., 1902, 35, 1153) that 3-acetylcoumarin possesses strongly 
acidic properties, behaving as a typical pseudo-acid, and thus by 
analogy the sodium compounds now obtained may be similarly 
represented as still containing the acetyl intact in the molecule (III). 
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Although offering an explanation of the formation of sodium salts, 
this view in itself does not explain the subsequent ease with which 
the acetyl group is eliminated, for obviously precisely the same 
effect could occur with 3-acetyl-4-hydroxycoumarin, from which, 
however, the acetyl radical is by no means readily eliminated, 
requiring indeed several hours’ heating with moderately concen- 
trated potassium hydroxide solution for its removal. 


Je HO H 
COR 6” 
i YZ tt dy IV 
(IIT.) C,H, C-C(ONa):CH, Dn + :CH, (IV.) 
CO ee 
X om KR 


0 \ 60 


We submit, however, that a satisfactory interpretation of the 
observed facts can be arrived at by assuming that in the acetyl 
3-substituted benzotetronic acids the simple enol does not exist 
as such, but that the sodium derivatives are present as co-ordinated 
salts (IV) only stable in non-aqueous media. Owing to the great 
tendency of the negatively charged oxygen of the carbonyl group 
to pass into the enolic state, as evidenced by the fact that benzo- 
tetronic acid itself is a strong acid, the chelated acetyl sodium com- 
pound is disrupted by water with formation of the free hydroxy- 
coumarin. These changes obviously do not occur with the unsub- 
stituted 3-acetylbenzotetronic acid, for here a free hydrogen atom 
is available for immediate formation of the isomeric coumarin form, 
and consequently this compound closely resembles 3-acetylcoumarin 
itself in stability. 

Considerable difficulty was encountered in the methylation of 
these 4-hydroxycoumarins. This appears to be a general character- 
istic of this class of compounds, as similar difficulties were met 
with by Sonn (Ber., 1917, 50, 1292), who obtained only very small 
yields of 4 : 7-dimethoxycoumarin by the action of methyl sulphate 
upon the 4:7-dihydroxy-compound, the main product being 
4-hydroxy-7-methoxycoumarin. We have now, however, prepared 
the dimethoxy-derivative in good yield by employing diazomethane. 


EXPERIMENTAL. 


4- Hydroxy -3-methylcoumarin.—Ethyl methylsodioacetoacetate 
(from 100 g. of the ester) in ether (600 c.c.) was treated with o-acet- 
oxybenzoyl chloride (46 g.), prepared by the action of thionyl 
chloride upon o-acetoxybenzoic acid, and the mixture was heated 
under reflux on the water-bath for 18 hours. The resultant yellow 
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solid was filtered off, well washed with ether, and dissolved in water, 
the solution was carefully neutralised with dilute sulphuric acid, 
and the semi-solid precipitate was crystallised repeatedly from 
dilute alcohol in presence of animal charcoal and finally from methyl 
alcohol, the coumarin being obtained in colourless needles, m. p. 
230°, readily soluble in alcohol and somewhat sparingly soluble in 
ether and benzene (yield, 60°) (Found: C, 68-3; H, 4-8. C,gH,O, 
requires C, 68-1; H, 4-6%). 

4.Methoxy-3-methylcoumarin was prepared by heating the dry 
silver salt of the coumarin under reflux with a slight excess of 
methyl iodide. Silver iodide and the excess of methyl iodide were 
removed; the residual colourless oil slowly solidified and was then 
crystallised first from ether and finally from alcohol, the methyl ether 
separating in colourless needles, m. p. 89:5° (Found: C, 69-0; H, 
5-4, C,,H,,0, requires C, 69-4; H, 53%). 

4- Hydroxy -3-benzyleoumarin.—Ethyl benzylsodioacetoacetate, 
prepared by adding the ester (90 g.) to granulated sodium (9 g.) in 
xylene (90 c.c.), was boiled under reflux with o-acetoxybenzoyl 
chloride (50 g.) in ether (300 c.c.) for 24 hours. The resultant thick 
precipitate was filtered off and dissolved in water, and the solution 
rendered acid. The semi-solid mass was extracted with ether, 
the solution dried, and after removal of the ether the residue was 
crystallised from aqueous alcohol, from which the coumarin separ- 
ated in colourless needles, m. p. 205° (Found: C, 76-1; H, 4-9. 
Ci gH 1.0, requires C, 76-2; H, 4-7%). 

4-Hydroxy-3-benzoylcoumarin was prepared in a similar manner 
from ethyl «-benzoylsodioacetoacetate. The coumarin crystallised 
from 96° alcohol in colourless needles, m. p. 144°, readily soluble 
in alcohol, less soluble in benzene and ether. It is also readily 
soluble in sodium carbonate solution (Found: C, 71-8; H, 3-8. 
C,gH,)0, requires C, 72-1; H, 3-8%). 

4-Methoxycoumarin.—(1) A solution containing 4-hydroxy- 
coumarin (2 g.), acetone (200 c.c.), and aqueous potassium hydroxide 
(16 c.c. of 20%) was gently warmed and treated with methyl sul- 
phate (2-5 g.), added in small quantities at a time. The mixture 
was boiled for an hour and the 4-methoxy-derivative was precipitated 
by dilution with water and separated from a small quantity of 
unchanged 4-hydroxycoumarin by addition of sodium carbonate 
in slight excess. It crystallised from water in colourless flakes, 
m. p. 124° (yield, 25%). 

(2) Freshly prepared nitrosomethylurea (Werner, J., 1919, 115, 
1098) (25 g.), suspended in a solution of 4-hydroxycoumarin (10 g.) 
in acetone (100 c.c.), was very slowly treated with concentrated 
potassium hydroxide solution (17 g. in 12 c.c. of water), care being 
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taken to prevent the reaction becoming too violent. The methory- 
coumarin was precipitated with water and crystallised as above 
(yield, 40°) (Found : C, 67-9; H, 4:5. C,gH,O, requires C, 68-1; 
H, 46%). 

4:7-Dihydroxycoumarin was prepared by a slight modification 
of Sonn’s method (loc. cit.), ethyl cyanoacetate being employed in 
place of the free acid. A better yield of the coumarin was obtained 
by heating the ketimine under reflux with concentrated sulphuric 
acid (20 c.c.) and water (40 c.c.) for 3 hours. The ketimine gradually 
dissolved and after some time the ketone separated; it was recrys- 
tallised from hot water; m. p. 265° (yield, 80%). 

4 : 7-Dimethoxycoumarin.—Sonn (loc. cit.) obtained this compound 
together with a large amount of 7-methoxy-4-hydroxycoumarin 
by the action of methyl sulphate upon 4 : 7-dihydroxycoumarin at 
0°. On repeating this work it was found that the yield of alkali- 
insoluble product was almost negligible. Attempts to methylate 
the 4-hydroxy-group with methyl iodide and sodium ethoxide or 
silver oxide also failed. The dimethyl ether was finally obtained in 
good yield by passing diazomethane into a solution of 7-methoxy- 
4-hydroxycoumarin (7 g.) in absolute alcohol (150 c.c.); after 
remaining for 3 hours at room temperature, the solution was 
concentrated and the dimethoxycoumarin was precipitated by dilu- 
tion with water, washed with dilute alkali solution to remove 
unchanged 7-methoxy-4-hydroxycoumarin, and recrystallised from 
boiling water. It formed colourless needles, m. p. 155—156°, 
identical with Sonn’s product (yield, 85%). 


Our thanks are due to Mr. J. Kirwan, M.Sc., for help in some 
of the preparative work and to the Council of the Department 
of Scientific and Industrial Research for a grant to one of us 
(D. W. H.). 


THE UNIVERSITY, LIVERPOOL. [Received, May 27th, 1927.] 


CCXX.—A Synthesis of Rutecarpine. 


By Yasuutko Asautna, Ricnarp HetmutH Frep Manskz, and 
RoBERT ROBINSON. 


FotLowine the analytical investigations (Asahina and Mayeda, 
J. Pharm. Soc. Japan, 1916, No. 416; Asahina and Fujita, ibid., 
1921, 863; Asahina, ibid., 1924, No. 503, 1) which clearly proved 
that evodiamine and rutecarpine, the alkaloids of Evodia rutecarpa, 
Benth. and Hook., have the constitutions (I) and (II), respectively, 
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synthetical experiments were instituted by one of us in Japan,* 
whilst, on the other hand, the natural development of some work 
in progress at Manchester led in the same direction; the outcome 
is the present joint memoir, in which we describe an unexpectedly 
simple synthesis of ruteecarpine (II). 


CH, | CH, 


OLE . 

N\ AAA 

NH CH ‘8 NHG CO 
NMe 


(I.) =) (II.) O 


As a preliminary we studied the preparation of a quinazolone 
derivative from an available cyclic amide and anthranilic acid and 
_ found that phthalimidine and methyl! anthranilate readily condense 
in the presence of phosphorus trichloride (compare Sen and Ray, J., 
1926, 646) with formation of an isoquinazindolone (III). The 


N CH, 
y 4 
(III.) or CH: av.) 
N NH 
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application of this process to 3-keto-3: 4:5: 6-tetrahydro-4- 
carboline (IV) (Manske and Robinson, this vol., p. 240) resulted in 
the production of rutecarpine. The identity of the synthetical 
specimen with one of natural origin was proved by careful direct 
comparison. 


EXPERIMENTAL. 

isoQuinazindol-2-one (III).—A mixture of phthalimidine (6-7 g.), 
methyl anthranilate (8 g.), and phosphorus trichloride (30 g.) was 
heated under reflux for 3 hours, the product was decomposed by 
ice and hydrochloric acid, and the base, precipitated by addition 
of alkali to the solution, filtered after treatment with charcoal, was 
purified to some extent by redissolution in hydrochloric acid and 
recovery. It crystallised from ethyl alcohol in slender, colourless 
needles (yield, 4 g.), m. p. 205—206° (Found: C, 76-9; H, 4:5; 
N, 11-9. C,;H,,ON, requires C, 76:9; H, 4:3; N, 120%). This 

* The degradative fission of rutecarpine yields 3-8-aminoethylindole- 
2-carboxylic acid, and recently this acid has been reconverted into rutecarpine. 
Its o-nitrobenzoyl derivative was reduced and then dehydrated. A brief 


account of the experiment will be found in the May (1927) issue of the Journal 
of the Pharmaceutical Society of Japan. Y. A. 
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weak base is soluble in moderately concentrated hydrochloric acid 
and is sparingly soluble in most neutral organic solvents. 

Rutecarpine (I1)—A mixture of the ketotetrahydrocarboline 
(4 g.), methyl anthranilate (5 g.), and phosphorus trichloride (20 g.) 
was heated under reflux for 4 hours and the excess of the trichloride 
was then removed by distillation under diminished pressure. The 
residue was decomposed with ice, the solid collected and boiled 
with concentrated hydrochloric acid (200 c.c.), and the solution 
filtered hot. Unchanged lactam was recovered from the solution ; 
the insoluble, pale brown residue crystallised from boiling ethyl 
alcohol in colourless needles (yield about 1-5 g.), m. p. 257—258° 
(Found: C, 75:3; H, 4-7; N, 14:7. Cale. for C,,H,,ON,: C, 
75:2; H, 4:5; N, 146%), which also melted at 257—258° when 
mixed with a specimen of rutecarpine from Hvodia rutecarpa. The 
experiments involved in the following observations were carried 
out side by side with both specimens and with identical results in 
every case. The substance is sparingly soluble in most organic 
solvents and crystallises from ethyl acetate in characteristic, very 
slender needles; it is very stable and may be distilled in small 
quantities in a high vacuum without decomposition. The bright 
yellow solution in sulphuric acid becomes deep brown on the addition 
of Mandelin’s reagent or colourless on dilution with water. On 
boiling with dilute hydrochloric acid, the substance does not dissolve 
but is coloured yellow. The colourless solution in acetic acid 
exhibits a bluish-green fluorescence after the introduction of a few 
drops of sulphuric acid. The hot alcoholic solution becomes yellow 
on the addition of solid potassium hydroxide, but after dilution 
with water the colour is discharged and the unchanged substance 
separates in needles, m. p. 257°. 


THE UNIVERSITIES OF ToKyoO 
AND MANCHESTER. [Received, June 1st, 1927.] 


CCXXI.—Experiments on the Synthesis of Antho- 
cyanins. Part III. 


By ALEXANDER RoBERTSON and RoBERT ROBINSON. 


THE fact that we have investigated 4’-, 3-, and 7-glucosidoxy- 
flavylium salts (Parts I and II), which, unlike the anthocyanins, 
are not derivatives of phloroglucinol, is partly due to our having 
attacked the problem of the synthesis of the naturally occurring 
pigments in stages, but partly also to the circumstance that 
the methods employed in the anthocyanidin syntheses have 
been found in some details to be inapplicable to related glucosides. 


ee eS SS oa - —— | 
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In the preparation of the latter, the condensation has hitherto been 
effected in dry ethereal solution and under these conditions O-tri- 
acetylphloroglucinaldehyde does not react satisfactorily with the 
appropriate ketones. In order to overcome this difficulty, it was 
necessary to obtain mono- or di-acetylated phloroglucinaldehydes, 
but all efforts to prepare the monoacetyl or monocarbomethoxy- 
derivatives failed. On the other hand, O-diacetylphloroglucin- 
aldehyde was found to be the product when a solution of phloro- 
glucinaldehyde in aqueous sodium hydroxide was agitated with an 
ethereal solution of acetic anhydride. No clear proof of the con- 
stitution of this substance can be adduced, but it must be either 
diacetoxysalicylaldehyde or diacetoxy-p-hydroxybenzaldehyde and 
the reaction with ferric chloride is in agreement with the former 
hypothesis. 

This view is supported by the observation that the substance 
condenses readily with w-methoxyacetoveratrone in ethereal solution 
in presence of hydrogen chloride, with ultimate production of 
cyanidin trimethyl ether, whereas O-triacetylphloroglucinaldehyde 
cannot be employed in flavylium salt syntheses in ethereal solution. 
This aldehyde exhibits some tendency to condense with suitable 
components under the requisite conditions to glucosidoxyflavylium 
salts, but the yields are very unsatisfactory. It was then found 
that O-monobenzoylphloroglucinaldehyde could be prepared by the 
Schotten—Baumann method, and this substance not only answered 
our immediate purpose, but also proved to be by far the best form 
in which to introduce phloroglucinaldehyde in all syntheses leading 
to pyrylium salts of anthocyanidin type. 

The results of anthocyanidin syntheses which depend in the final 
stages on demethylation by means of hydriodic acid are subject to 
unexplained variations and uniformity cannot be relied upon. 
Partial demethylation is a frequent occurrence, and is not only 
capricious in its incidence, but is also difficult to detect by analysis ; 
in other cases, Zeisel and Herzig—Meyer determinations of the pro- 
duct may prove the absence of methoxyl and yet the experiment 
has gone awry, since the material, usually quite crystalline, does 
not exhibit the normal reactions. We suspect the influence of 
inorganic catalysts in promoting nuclear methylation by a process 
analogous to Claisen’s transformation of phenyl allyl ether to 
allylphenol. In view of this uncertainty, we are engaged in the 
repetition of the anthocyanidin syntheses by processes not involving 
demethylation. Employing O-benzoylphloroglucinaldehyde, we 
have already obtained benzoylpelargonidin and cyanidin chlorides. 
We do not wish to imply that demethylation of methoxylated 
flavylium salts by means of hydriodic acid is always an unsatisfactory 
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process, since in many cases it gives excellent results, and we are 
often compelled to rely upon this effective but clumsy method. 

Experiments bearing on the constitution of O-benzoylphloro- 
glucinaldehyde are in progress; it is either 2-benzoyloxy-é4 : 6-di- 
hydroxybenzaldehyde or 4-benzoyloxy-2 : 6-dihydroxybenzaldehyde. 
The benzoyloxyflavylium salts obtained with the aid of this aldehyde 
are stable towards acids, but are hydrolysed by alkalis, and the 
hydroxyflavylium salts are then recoverable by the action of acids 
on the product. The condensation of O-benzoylphloroglucinalde- 
hyde with p-O-tetra-acetyl-8-glucosidoxy-w-methoxyacetophenone 
(Part I, J., 1926, 1717) in ethereal solution with the aid of hydrogen 
chloride yielded an intermediate which was hydrolysed by means of 
methyl-alcoholic ammonia and subsequent treatment with hydro- 
chloric acid with formation of a pelargonidin methyl ether glucoside 
chloride (I). This substance closely resembles a natural mono- 
glucosidic anthocyanin in general character. 


OMe (IIL) 


The related sugar-free flavylium salt (II) derived on hydrolysis with 
15% hydrochloric acid was synthesised independently, and further- 
more the isomeride (III) has been obtained for comparison. The 
colour reactions of these pelargonidin chloride methyl] ethers with 
sodium carbonate differ in a characteristic manner and a consider- 
ation of them shows (a) that callistephin and other anthocyanins 
derived from pelargonidin are certainly nat 4’-glucosides, callistephin 
being probably a 3-glucoside (the position 5 is excluded on account 
of the fact that alcoholic solutions of callistephin, unlike those of 
pelargonenin, do not exhibit fluorescence. It is probable, although 
not yet quite certain, that position 7 can be excluded for the same 
reason), and (b) that partial demethylation of pelargonidin chloride 
3 : 4’-dimethyl ether with hydriodic acid yields the 4’-monomethyl 
ether (III). 
EXPERIMENTAL. 


O-Diacetylphloroglucinaldehyde.—A mixture of pure phloroglucin- 
aldehyde (6 g.), dissolved in N-sodium hydroxide (54 c.c.), and 
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ether (150 c.c.) was cooled to — 5°, and acetic anhydride (12 c.c.) 
gradually added with vigorous shaking. The reaction proceeded 
rapidly. The ethereal layer was separated, and the aqueous solution 
twice extracted with fresh ether. The combined ethereal solutions 
were mixed with water (10—15 c.c.), the ether was distilled, and 
the residue washed repeatedly with cold water. The oil gradually 
crystallised in contact with water and after a few days was ground, 
allowed to remain under water for 2 days longer, and then collected 
(5:5 g.). The solution of this product in 80% alcohol, after treat- 
ment with charcoal, deposited crystals on slow evaporation; these 
recrystallised from 60% alcohol (charcoal) in almost colourless, 
prismatic needles, m. p. 102—103°, presenting a homogeneous 
appearance under the microscope (Found: C, 55-4; H, 4:3. 
C,,H 0,4 requires C, 55-5; H, 4:2%). The substance is readily 
soluble in ether and moderately readily soluble in cold methyl or 
ethyl alcohol. An alcoholic solution develops a wine-red coloration 
on the addition of ferric chloride. On further acetylation by means 
of acetic anhydride and potassium carbonate, an almost theoretical 
yield of O-triacetylphloroglucinaldehyde was obtained. The pro- 
duct had m. p. 156—157°, whereas Pratt and Robinson (J., 1925, 
127, 1182) give m. p. 151°. A specimen prepared from phloro- 
glucinaldehyde, however, after repeated crystallisation trom ethyl 
alcohol and then from methyl alcohol, sintered at 151° and had 
m. p. 156—157°. A mixture of the two specimens had m. p. 156— 
157°. Attempts to prepare monoacetylphloroglucinaldehyde by 
limiting the amount of acetic anhydride employed gave mixtures of 
the above diacetyl derivative and unchanged phloroglucinaldehyde. 
No definite carbomethoxy-derivatives could be obtained. Treat- 
ment of alkaline solutions of phloroglucinaldehyde at 0° with 
methyl chloroformate resulted in the immediate deposition of a 
brick-red product. 

O-Benzoylphloroglucinaldehyde—The phloroglucinaldehyde em- 
ployed in the preparation of this substance should be obtained by 
the use of freshly distilled anhydrous hydrogen cyanide, since the 
material resulting from the modification described by Pratt and 
Robinson (J., 1925, 427, 1132) is difficult to free from a colouring 
matter which has a deleterious effect on the yield. Phloroglucin- 
aldehyde (5-2 g.) was added to a solution (cooled to 10°) of potassium 
hydroxide (1-7 g.) in water (150 c.c.). The mixture was cooled to 
— 5°; part of the potassium derivative then separated in glistening 
plates. Benzoyl! chloride (2:35 g.) was then introduced in three 
portions with very vigorous shaking, which was continued until the 
odour of the chloride had almost disappeared. The mixture was 
stirred for } hour with an¥excess of aqueous sodium bicarbonate 
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and the solid was then collected, washed, again triturated with 
aqueous sodium bicarbonate, isolated, and dried in the air (yield, 
7-5 g.). The crude product was dissolved in hot alcohol (100 c.c., 
charcoal), and the filtered solution poured into water (400 c.c.). 
The emulsion quickly resolved itself into a suspension of hair-fine 
needles, which were isolated (5 g.) and found to be sufficiently pure 
for many purposes. The substance crystallises from chloroform 
(charcoal) in colourless, elongated prisms which become pink at 
155°, darken at 185°, turn brick-red at 195°, and melt at 198—200° 
to a dark red liquid (Found: C, 64-8; H, 3-8. C,,H,,0; requires 
C, 65-1; H, 3-9%). The substance is easily soluble in ether and 
the simple alcohols, moderately readily soluble in hot chloroform, 
and very sparingly soluble in carbon tetrachloride. It gives a wine- 
red coloration with ferric chloride in alcoholic solution. 
4’-8-Glucosidoxy-5 : 7-dihydroxy-3-methoxyflavylium Chloride (1).— 
A cold solution of O-benzoylphloroglucinaldehyde (0-6 g.) and 
p-O-tetra-acetyl-8-glucosidoxy-«-methoxyacetophenone (0-5 g.) in 
dry ether (100 c.c.) was slowly saturated with hydrogen chloride; 
it gradually assumed a deep orange-red colour and then exhibited 
a strong yellowish-green fluorescence. A part of the product 
crystallised, and after 4 days the remainder was precipitated by 
the addition of ether (100 c.c.). The isolated salt (0-5—0-7 g.) 
dissolved in alcohol to an intensely fluorescent solution, but it could 
not be recrystallised, because pseudo-base formation occurred in 
solutions containing less than 5—6% of hydrochloric acid, and the 
use of more concentrated acid solutions caused hydrolysis. A 
solution of the crude product (2-7 g.), from several experiments, 
in methyl alcohol (200 c.c.) was saturated at 0° with ammonia and 
allowed to remain at 0° for 24 hours. The ammonia and methyl 
alcohol having been removed in a vacuum in the cold, the residue 
crystallised from 75% methyl alcohol containing 3% of hydrogen 
chloride in masses of microscopic, prismatic needles (1-2 g.) (depos- 
ition slow). The salt was then dissolved in 4% aqueous hydro- 
chloric acid at 60—70° and separated on cooling in red, prismatic 
needles which showed a weak golden reflex only after being dried 
in a vacuum (Found in air-dried material : C, 47-7; H, 5:7. Found in 
material dried over soda-lime in a vacuum for 24 hours: C, 53-1; H, 
53. CopH53019Cl,4H,0 requires C, 47-6; H, 5-7%. CypH.3049Cl,H,O 
requires C, 52-8; H,5-0%. The monohydrate is very hygroscopic). 
When heated in a capillary tube, the salt evolves steam above 
100°, sinters at. 125°, and darkens and melts at 130—131°. The 
glucoside is easily soluble in cold 0-5—2% hydrochloric acid and 
in cold 50% methyl alcohol containing 4% of hydrogen chloride; 
it is easily soluble in hot aqueous hydrochloric acid (up to 20%). 
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The aqueous acid solutions are not completely extracted on being 
shaken with isoamyl] alcohol. The alcoholic hydrochloric acid solu- 
tions are deep red, dilute aqueous solutions are orange-red, and in 
all cases the solutions are not fluorescent. The sodium carbonate 
reaction is dark wine-red, becoming dirty brown, whilst the addition 
of sodium acetate to an acid solution produces a more stable, 
intense dark red coloration. The picrate separated from a hot 80% 
alcoholic solution of the salt containing an excess of picric acid in 
compact, deep red, spherical masses of microscopic crystals. It 
darkens at 125°, is almost black at 170°, and melts with further 
decomposition at 186—188°. 
5:7:4'-Trihydroxy-3-methoxyflavylium Chloride (II).—(A). A 
slow stream of hydrogen chloride was passed through a solution of 
p-hydroxy-w-methoxyacetophenone (Part I, loc. cit.) (1-6 g.) and 
0-triacetylphloroglucinaldehyde (2-8 g.) in anhydrous formic acid 
(10 c.c.) for 4 hours, and the mixture kept for 36 hours. The salt 
precipitated by ether was collected (3 g.) and hydrolysed by boiling 
aqueous alcoholic hydrochloric acid during 5 minutes; on cooling, 
a red, amorphous material was deposited. This was extracted by 
boiling water, and 20% hydrochloric acid was added to the filtrate 
until a faint turbidity appeared. On cooling, the salt separated in 
stellate aggregates of dark red, prismatic needles. Recrystallis- 
ation from 3—4% hydrochloric acid gave freely twinning, elongated, 
nearly rectangular, microscopic prisms which were dark red in mass _ 
and crimson by transmitted light under the microscope (Found in 
material dried over soda-lime for 12 hours: C, 56-6; H, 4-6. 
C,)H,;0;Cl,H,O requires C, 56-7; H, 4-4%). When crystallised 
from a mixture of hydrochloric acid and ethyl alcohol, highly 
characteristic, boat-shaped, microscopic plates are obtained. These 
have a reddish-brown colour and a greenish reflex, but this is lost 
on exposure to air. This salt is sparingly soluble in cold dilute 
hydrochloric acid (down to 0-5%) and is only moderately readily 
soluble in hot hydrochloric acid; very dilute solutions have a 
brownish orange-red colour, hot concentrated aqueous solutions 
and alcoholic solutions are crimson, and all solutions are non- 
fluorescent. Aqueous sodium carbonate dissolves the salt, giving a 
stable, intense, reddish-violet solution, more bluish-violet in thin 
layers. Willstitter and Burdick (Annalen, 1916, 412, 162) state 
that “‘ Die siure Losung des Callistephins schlagt mit Soda und 
sogar mit Alkalilauge nur in Rotviolett bis Violettrot um, wihrend 
Pelargonenin schon mit Soda violett blau wird.”’ In this connexion, 
it is interesting to note that 3: 7 : 4’-trihydroxyflavylium chloride 
gives a definitely bluer alkali colour-reaction than the 3 : 5 : 7-tri- 
hydroxymethoxyflavylium chloride. In alcoholic solution, for 
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example, the former, like pelargonenin, gives a pure blue coloration 
(compare Willstitter and Bolton, Annalen, 1916, 412, 136; Pratt 
and Robinson, J., 1923, 123, 193). isoAmyl alcohol extracts the 
salt completely from an aqueous acid solution. Pseudo-base 
formation was observed. 

(B). Characteristic, twinning, rectangular prisms separated in 
the course of 2 minutes when the above-described glucosidoxy- 
dihydroxymethoxyflavylium chloride was boiled in 15% aqueous 
hydrochloric acid solution. The substance was recrystallised and 
identified by its reactions, solubility relations, and crystalline form 
with the pelargonidin chloride 3-methyl ether prepared as in (A) 
above. The filtrate from this hydrolysis was extracted with isoamy] 
alcohol in order to remove the last traces of flavylium chloride and 
with ether to remove the isoamyl alcohol; it was then found to 
reduce Fehling’s solution. 

3:5: 7-Trihydroxy-4'-methoxyflavylium Chloride (III).—A solu- 
tion of anisoylearbinol (0-6 g.) (Tiffeneau, Compt. rend., 1910, 150, 
1182) and O-triacetylphloroglucinaldehyde (1 g.) in formic acid 
(15 c.c.) was saturated with hydrogen chloride and after 36 hours 
the product was precipitated by ether and collected. It was 
dissolved in alcohol (200 c.c.) and concentrated hydrochloric acid 
(20 c.c.), the solution boiled for 5 minutes, the greater part of the 
alcohol removed by distillation, and the salt precipitated by the 
addition of concentrated hydrochloric acid. Separation from 
accompanying red impurities was effected by extraction with 
boiling 0-5°% hydrochloric acid, the acid concentration of the 
filtrates was increased to 8—10%, and finally the substance was 
crystallised from 2° hydrochloric acid, separating in crimson, 
microscopic, rhombic prisms (Found in material dried over soda- 
lime for 12 hours: C, 56-4; H, 4:6. C,,H,,0;Cl,H,O requires 
C, 56:7; H, 44%). The yield, as in the similar synthesis of 
peonidin, was poor and we have since found that O-benzoylphloro- 
glucinaldehyde gives much better results than the triacetate in 
condensations with benzoylcarbinol derivatives. In mass this salt 
has a dark brown colour and exhibits a weak bluish-green reflex. 
When it is crystallised from aqueous-alcoholic hydrochloric acid 
(about 5%), highly characteristic, regular, diamond-shaped plates 
are obtained. The salt is very sparingly soluble in cold aqueous 
hydrochloric acid and not readily soluble even in boiling 2% hydro- 
chloric acid. Concentrated aqueous solutions are crimson, very 
dilute solutions are brownish orange-red; alcoholic solutions are 
bluish eosin-red. The reaction with sodium carbonate is character- 
istic, the solutions, both alcoholic and aqueous, being strongly 
dichroic, red in thick layers and bluish-purple in thin layers. Under 
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some conditions of illumination, the liquid appears green and 
violet. The specimen of incompletely demethylated pelargonidin 
chloride dimethyl] ether described as crystallising in diamond-shaped 
plates (Pratt and Robinson, J., 1925, 127, 1188) has been re-examined 
and undoubtedly contains a large proportion of the monomethyl 
ether now described. The crystal forms are identical and the 
colour reactions with sodium carbonate are closely similar. The 
dichroism observed in both cases was identical, but the specimen 
from the demethylation gave a slightly more bluish-purple colour in 
thin layers and probably contains a little pelargonidin chloride. 


The authors wish to thank the Royal Society and the Chemical 
Society for grants which have defrayed a part of the cost of the 
investigation. 
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CCXXIIT.—A New Form of Thermostat and Observation 
Tubes for Polarimetric Work. 


By Tuomas STEWART PATTERSON. 


In polarimetric investigation, it is of very great importance to 
maintain a steady known temperature while the rotation of the 
active substance is being observed. The author in the course of 
his work has tried various forms of apparatus designed for this 
purpose, and some fifteen years ago adopted one which, since it 
has been found to give accurate results and to be easy to manipulate, 
may be of use to others engaged in similar work. 

The polarimeter tube is so placed as to be in direct contact with 
the water in the thermostat. The upper part, I, of the accompany- 
ing figure gives a general idea of the whole apparatus. The polari- 
meter tube, A, has attached to it a side tube, B, reaching above 
the level of the liquid in the thermostat. The glass end discs may 
be cemented to the polarimeter tube or may be fixed in position 
by means of pieces of rubber tubing marked C in the lower, more 
detailed part of the figure. These act partly to prevent ingress 
of water into the tube or exit of material from it, and serve also, by 
being turned over the end of the cover glass, as washers to take up the 
pressure exerted by the brass end pieces, DD, of which there is one at 
eachend. These are fastened together by means of the brass rods, FF, 
which have a small knob at one end and a screw at the other; the 
latter fits into a corresponding screw in one of the discs. These are 
really arranged as in the upper sketch, but the lower sketch shows the 
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details of each end. These rods just pass easily through holes in two 
collars, T T, which thus serve to keep the end plates, D D, in position. 
To the flanges, D D, are brazed brass tubes, GG. When the apparatus 
is in use, these brass tubes are passed through rubber bungs which 
fit into collars in the wall, L, of the bath, as shown at K K. 

In carrying out an observation, the thermostat is emptied of 
liquid, and the polarimeter tube in its support of flanges and rods, 
either filled with the active liquid or empty, is introduced through 
the rubber bungs to appear as shown in I, an operation easily 


Fig. 1. 


performed. The active liquid may now be introduced into the tube, 
if this has not already been done, and the thermostat filled with 
water, upon which, preferably, there should float a layer of oil. 

The temperature of the thermostat may be controlled by any 
suitable form of adjustable thermo-regulator, that used in this 
laboratory being one designed by the author (J. Soc. Chem. Ind., 
1902, 21, 456). The liquid in the thermostat is also, in most cases, 
mechanically stirred, but this is not necessary for temperatures of 
0°, 100°, and that of the atmosphere. By means of suitable screws 
on the legs of a quadrupod or tripod stand, the thermostat is ad- 
justed so that the axis of the tube coincides accurately with the 
axis of the polarimeter. 
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Owing to the fact that there is direct contact between the glass 
of the polarimeter tube and the water in the thermostat, the tem- 
perature in the polarimeter tube becomes constant very rapidly ; 
and since, between observations, the water in the thermostat may 
be replaced by water which, previously, has been heated very near 
the desired temperature, the time which must be allowed to elapse 
before a new temperature is established is reduced to a minimum. 
The variation of the temperature during the time required for the 
observations is very small indeed and the temperature may be 
maintained within about one-tenth of a degree of any desired value 
for long periods. 

The temperature of boiling water is very easy to adjust too, 
especially when a layer of oilis used. A very small flame is sufficient 
to keep the water in the thermostat in ebullition and the temperature 
in the polarimeter tube is then exceedingly steady. 

This is the upper limit of temperature at which we have used 
the apparatus, but it would not be difficult to adapt it for higher 
temperatures, by using concentrated potassium carbonate solution, 
for example, instead of water. For temperatures above 100°, we 
use an oil thermostat with an air chamber in which the tube is 
heated. 

The apparatus described, however, may be used for temperatures 
below that of the atmosphere and it is possible to obtain very con- 
stant readings at a temperature of zero, which again is, of course, 
a very simple one to obtain; the thermostat is filled with a slush 
of ground ice and water. The difficulty then arises, however, 
that moisture is apt to condense on the end plates of the polarimeter 
tubes. To get over this difficulty, various methods were tried, but 
ultimately one which is exceedingly effective and also very simple 
has been adopted. This is illustrated in II. A piece of brass 
tubing, M M M M, which fits into the tube GG with a clearance of, 
perhaps, half a millimetre, and of a length sufficient to reach to 
about a millimetre or two from the end plate of the polarimeter 
tube, is soldered by an annulus, N, to another short piece of brass 
tube, O O, which just slips on to the outside of the tube GG. To 
this tube, O, is soldered a short narrow brass tube, P. The whole 
part MN OP can thus easily be removed when not wanted and 
equally easily replaced in position when required; one such part 
is fitted at each end of the polarimeter tube. The little tubes P 
are then connected to two of the arms of a Y piece, the third arm 
of which, in turn, connects with a drying tower containing sulphuric 
acid and pumice stone, this again being connected to a gas holder 
containing air. When observations are to be made at a temperature 
below that of the atmosphere, a quite slow current of dry air intro- 
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duced through the tubes P passes through the narrow space between 
the tubes M M and GG to near the end plate of the polarimeter 
tube, and out through the tube MMMM. The air close to the 
polarimeter end plate is thus kept thoroughly dry and no moisture 
is deposited upon the end plate. This arrangement is surprisingly 
efficient and even when a freezing mixture of carbon dioxide and 
alcohol is used as cooling agent, which causes the whole of the 
apparatus quickly to be covered with ice, a perfectly clear view 
through the polarimeter tube sd be obtained, so long as the current 
of air is passing. 

This little piece of apparatus will be found of very considerable 
value, since by its means it is easy to determine rotation values at 
zero, which is probably the most suitable standard temperature 
for the expression of polarimetric results, inasmuch as it can always 
be easily obtained, but which hitherto has been avoided, doubtless 
owing to the difficulty occasioned by the condensation of moisture 
on the end discs. 

The bath which we use is 25 cm. long by 5 broad by 17 deep and 
accommodates comfortably tubes 160 mm. in length. 


UNIVERSITY OF GLASGOW. [Received, June 2nd, 1927.] 


CCXXITI.—Some Substituted Phenyl Styryl Ketones, 
with Remarks on the Condensation of Cinnamic 
Acid with Resorcinol and Pyrogallol. 


By Tuomas Eric ELLIson. 


THE condensation of benzoic acid with resorcinol in presence of 
zinc chloride takes place in two stages; 2: 4-dihydroxybenzo- 
phenone is formed first and then, by further heating and particip- 
ation of a second molecule of resorcinol in the reaction, 3-hydroxy- 
9-phenylfluorone. Pyrogallol behaves in an analogous fashion to 
resorcinol. 

The behaviour of other simple carboxylic acids with these two 
phenols depends essentially on the relative velocity of the second 
stage of the reaction. When this is slow, as, e.g., with acetic acid, 
the hydroxy-ketone can readily be isolated: when it is rapid, the 
only products that can be obtained are fluorones or more complex 
colouring matters. In the case of cinnamic acid, the primary 
condensation products would be hydroxyphenyl styryl ketones 
(hydroxychalkones); and the formation of chalkones in this 
way has actually been reported, that of 2:4- dihydroxypheny! 
styryl ketone (I) from cinnamic acid and resorcinol by Bargellini 
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and Marantonio (Atti R. Accad. Lincei, 1908, 17, ii, 119) and that of 
2:3: 4-trihydroxypheny] styryl ketone (II) from cinnamic acid and 
pyrogallol by Dutta and Watson (J., 1912, 104, 1238). 

In the hope of being able to extend this method to the synthesis 
of some of the less accessible chalkones, their work has now been 
repeated, but the compounds in question were obtained neither by 
following the details given by the authors nor by any variations of 
the method, the only substances isolated being more complex 
colouring matters. To throw more light on the question, the chalk- 
ones (I) and (II) have been synthesised by more orthodox methods, 
and it is found that they are not identical with the substances held 
to be chalkones by the authors cited. It seems, therefore, that if, in 
the condensation of cinnamic acid with resorcinol and pyrogallol by 
means of zinc chloride, chalkones are formed at all, which is very 
probable, they are so rapidly transformed into more complex 
products that it is impossible to isolate them. 


(.) HO OH 
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Resacetophenone and benzaldehyde condense together in alkaline- 
alcoholic solution to give a mixture of 2 : 4-dihydroxyphenyl styryl 
ketone (I) and the isomeric 7-hydroxyflavanone (III). It is not 
uncommon to find chalkone and flavanone being simultaneously 
formed by this method, and the possibility of the two products 
being, in this particular case, geometrical isomerides is excluded by 
the colourless nature of the second substance and the fact that it 
yields only a monoacetyl derivative. Gallacetophenone and 
benzaldehyde condense together readily both in acid and in alkaline 
solution. By boiling with alcoholic hydrochloric acid, they yield 
benzylidenebisgallacetophenone, C,H,;*CH[CH,°CO-C,H,(OH)s], 
(Kostanecki and Blumstein, Ber., 1900, 33, 1478). The same com- 
pound is obtained by saturating a solution of the reagents in glacial 
acetic acid with dry hydrogen chloride. 

Despite the quantitative nature of this reaction, similar com- 
pounds cannot be obtained when benzaldehyde is replaced by 
anisaldehyde, salicylaldehyde, piperonal, or m-nitrobenzaldehyde. 


By the use of alcoholic potash, the required chalkone (II) is obtained 
3M 


1722 ELLISON: SOME SUBSTITUTED PHENYL STYRYL KETONES, 


in good yield. In order to establish the generality of the last- 
mentioned method, which does not appear to have been applied 
hitherto to gallacetophenone, the benzaldehyde was replaced in 
turn by salicylaldehyde, m-hydroxybenzaldehyde, vanillin, and 
resorcylaldehyde. ;The last two were found not to condense appreci- 
ably with gallacetophenone under the action of alcoholic potash, 
whereas salicylaldehyde gave a moderate yield of 2:3: 4-tri- 
hydroxypheny! 2-hydroxystyryl ketone, 
C,H,(HO),*CO-CH°CH-C,H,°OH, 

and m-hydroxybenzaldehyde a small amount of 2 : 3 : 4-trihydroxy- 
phenyl 3-hydroxystyryl ketone. Salicylidenegallacetophenone is 
very slowly converted into 2’: 3’: 4’-trihydroxy-2-phenylbenzo- 
pyrylium chloride (IV) by the action of anhydrous hydrogen chloride 
on the suspension in ether; but owing to the small amount of 
this substance which has so far been isolated, the investigation 


of it is not yet completed. 


EXPERIMENTAL. 


2: 4-Dihydroxyphenyl Styryl Ketone (1) and 7-Hydroxyflavanone 
(III).—To a solution of resacetophenone (20 g.) and benzaldehyde 
(13-3 g.) in methyl alcohol (120 c.c.), potassium hydroxide (40 g. in 
40 c.c. of water) was added and the mixture was kept at 65° for 
34 hours and then poured into water. Unchanged benzaldehyde 
having been extracted with ether, an excess of hydrochloric acid 
was added, which precipitated a yellow oil (about 12 g.). After 
12 hours, the partly solidified oil was carefully treated with glacial 
acetic acid, and the undissolved solid, consisting of almost pure 
7-hydroxyflavanone, was crystallised from toluene. Addition of 
water to the acetic acid solution precipitated a mixture of the 
chalkone and flavanone, which were ultimately separated by a 
tedious fractional crystallisation from toluene, in which the chalk- 
one is the more soluble. 7-Hydroxyflavanone crystallises from 
toluene in colourless needles, m. p. 189° (Found: C, 74:8; H, 5:3. 
C,;H,.0, requires C, 75-0; H, 5-0%). It is insoluble in water and 
moderately easily soluble in alcohol or glacial acetic acid. In 
cold sodium carbonate solution, it gives a colourless solution which 
turns yellow on boiling. In sodium hydroxide, it at once forms a 
yellow solution which goes darker on heating owing to the conversion 
of the flavanone into the chalkone, but the change is never 
complete. 

The flavanone (1 g.) was heated on the water-bath for 3 hours 
with acetic anhydride (10 c.c.) and anhydrous sodium acetate (5 g.). 
The acetyl derivative thus produced crystallised from 50% alcohol 
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in colourless needles, m. p. 98° (Found : C, 72-0; H, 5-0. C,,H 4,0, 
requires C, 72:3; H, 5-0%). 

2:4-Dihydroxyphenyl styryl ketone crystallises from toluene in 
bright yellow, rectangular prisms, m. p. 133—134° (Found : C, 74-9; 
H, 5:3. C,;H,.0, requires C, 75-0; H, 5-0%). It is very slightly 
soluble in boiling water and very soluble in alcohol, glacial acetic 
acid, and acetone. It forms a deep yellow solution in concentrated 
sulphuric acid. 

2:3:4-Trihydroxyphenyl Styryl Ketone (I1).—Gallacetophenone 
(4:2 g.) and benzaldehyde (2-7 g.) were dissolved in alcohol (4:5 c.c.), 
and potassium hydroxide (9 g. in 10 c.c. of water) was added. The 
mixture was kept at 60° for 3 hours and then poured into dilute 
hydrochloric acid, on which the chalkone separated as a brown oil 
(about 4 g.) which slowly solidified. It was repeatedly crystallised 
from 75° methyl alcohol, animal charcoal being used to remove a 
slightly fluorescent, dark impurity, and was thus obtained in orange- 
yellow prisms containing methyl alcohol of crystallisation. After 
drying at 110°, it had m. p. 165—166° (Found: C, 70-2; H, 4-9. 
C,;H,.0, requires C, 70-3; H, 4:7%). It forms deep brown solu- 
tions in alkali and in concentrated sulphuric acid. It is practically 
insoluble in water, slightly soluble in benzene and toluene, and very 
soluble in acetic acid and alcohol. 

2:3:4-T'rihydroxyphenyl 2-Hydroxystyryl Ketone.—Gallaceto- 
phenone (4-2 g.) and salicylaldehyde (3-1 g.), dissolved in alcohol, 
were treated with potassium hydroxide (10 g. in 10 c.c. of water), 
and the solution kept at 65° for 34 hours. Dilute hydrochloric acid 
was then added which precipitated the chalkone (3-3 g.) as a brown 
oil, which soon solidified. It crystallised from 75° methyl alcohol 
in long, yellow needles having a light brown colour in bulk. It 
became almost black at 205° and melted with complete decomposition 
at 224—-225° (Found: C, 65-8; H, 4-4. C,;H,,.0; requires C, 66-2; 
H, 4-494). The chalkone is insoluble in water, benzene, and chloro- 
form, slightly soluble in boiling xylene, and very soluble in acetone 
and alcohol. It gives dark brown solutions in alkali and in con- 
centrated sulphuric acid, and on heating with concentrated hydro- 
chloric acid it is slowly converted into the pyrylium chloride, but 
with much decomposition. 

2:3:4-Trihydroxyphenyl 3-Hydroxystyryl Ketone.—Gallaceto- 
phenone (2:5 g.), m-hydroxybenzaldehyde (1-8 g.), potassium hydr- 
oxide (5 g. in 5 c.c. of water), and alcohol (40 c.c.) were heated 
together at 75° for 8 hours. Addition of dilute hydrochloric acid 
precipitated the chalkone (1 g.), which crystallised from 80% methyl 
alcohol (charcoal) in bright yellow needles, melting at 219—220° to 
a dark red liquid (Found: C, 66-0; H, 4:7.. C,;H,,0, requires 
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C, 66-2; H, 4-4%). It forms a deep brown solution in alkali and a 
deep orange solution in concentrated sulphuric acid. 


The author is indebted to Mr. A. Russell, B.Sc., for his valuable 
assistance with the experimental work. 
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QUEEN’s UNIVERSITY, BELFAST. [Received, May 23rd, 1927.] 


CCXXIV.—The Synthesis of meso-Alkyl and meso- Aryl 
Anthracene Derivatives. Part II. 


By Epwarp DE Barry BARNETT, JAMES WILFRED Cook, and 
JOHN LAURENCE WILTSHIRE. 


THE action of Grignard solutions upon anthraquinone, 2-methy]- 
anthraquinone, and alizarin dimethyl ether has been studied by 
Haller and Guyot (Bull. Soc. chim., 1904, 31, 797), Guyot and 
Staehling (ibid., 1905, 33, 1104), Haller and Comptesse (Compt. rend., 
1910, 150, 1290), Guyot and Vallette (Ann. Chim., 1911, 23, 363), 
Padova (ibid., 1910, 19, 353), Kovaché (ibid., 1918, 10, 226), Sirker 
(J., 1915, 107, 1242), Clarke and Carleton (Ber., 1908, 41, 935; 
J. Amer. Chem. Soc., 1911, 33, 1966), and Ingold and Marshall 
(J., 1926, 3080) and has been found to lead to the alkyl- or aryl- 
hydroxyanthrone (I) or the dialkyl- or diaryl-dihydroanthraquinol 
(II), the last class of compound being by far the most readily 
accessible. 


R:C-OH R:C:‘OH CX 
e <> ) <> <> (il) 
CO R:C:OH CX 


These last are stable towards alkaline reducing agents, although very 
easily reduced to the anthracene derivatives in acid solution, but 
when R is an alkyl group there is usually a marked tendency for loss 
of water to take place with the production of an alkylideneanthracene 
(III) or a polymerisation product of this. The yields of diol (II) 
recorded in different experiments are very varied. For example, by 
the action of magnesium pheny! bromide on anthraquinone, Haller 
and Guyot obtained only a 10° yield of the diol, Ingold and Marshall 
a 34% yield, and Kovaché an 80% yield. It has now been found 
that one of the chief reasons for the poor yields frequently obtained 
lies in the reducing action of the Grignard solution, which leads to 
the partial ar of the anthraquinone to an anthraquinol : 


C-OMgBr 


<. > + 2ArMgBr = <[> + Ar-Ar 
C-OMgBr 
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a reaction which is somewhat analogous to a pinacol condensation, 
but which takes place in the complete absence of metallic magnesium 
(compare Boyd and Hatt, this vol., p. 898). Occasionally the 
reduction proceeds further and a considerable quantity of the 
diarylanthracene may be formed. 

The action of Grignard solutions on anthrones has been studied 
by Haller and Guyot (Bull. Soc. chim., 1904, 31, 797), Guyot and 
Staehling (ibid., 1905, 33, 1104, 1144), Jiingermann (Ber., 1905, 38, 
2868), Krollpfeiffer and Branscheid (ibid., 1923, 56, 1617), Sieglitz 
and Marx (ibid., 1923, 56, 1619), Kehrmann, Monnier, and Ramm 
(ibid., 1923, 56, 169), Barnett and Matthews (ibid., 1926, 59, 1429), 
and Barnett, Cook, and Matthews (ibid., 1926, 59, 2863) and 
has been found to lead to a dihydroanthranol (IV), from which (when 
R = H) loss of water takes place extremely easily (for example, by 
treatment with an acid) with the formation of an alkyl- or aryl- 
anthracene (V). 


R-C-R C-R C-R 
av) <> <p>, <[>_ 1) 
R’-C-OH C-R’ C-OH 


When neither R group represents a hydrogen atom the yields of the 
dihydroanthranol are excellent, although in this case the subsequent 
loss of water is impossible, but when one of these groups is a hydrogen 
atom the Grignard solution brings about considerable conversion 
of the anthrone into the enolic anthranol (VI) and poorer yields of 
the dihydroanthranol are obtained. The reaction is also com- 
plicated in some cases by reduction taking place which is probably 
due, at least in part, to loss of an alcohol from the dihydroanthranol 
first formed (compare Branscheid, Dissert., Marburg, 1923). The 
method is, nevertheless, an extremely valuable one for the synthesis 
of both meso-alkyl- and meso-aryl-anthracenes, although of less 
general application than might be expected. 

The action of magnesium alkyl halides on 1 : 5-dichloro-9-pheny]- 
anthrone gave oily products (probably VII) from which in some 
cases yellow and fluorescent (VIII) and/or colourless and non- 
fluorescent (IX) isomeric substances were obtained. 


Ph:C-H C-Ph Ph:C-H 
(VIL) X<>xX X<|>X = (VIIL.) X< >xX = (IX.) 
HO-C-CH,R C-CH,R C:CHR 
(X = C,H;,Cl.) 


The action of magnesium benzyl chloride on 1 : 5-dichloro-9- 
phenylanthrone yielded a dihydroanthranol to which the trans- 
configuration is assigned (X), since it could not be converted into 
phenylbenzyldichloroanthracene (XII), all attempts at dehydration 
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leading either to the isolation of the unchanged material or to the 
production of indefinite substances from which no pure product 
could be isolated. A less amount of the cis-dihydroanthranol 
(XI) must have been formed simultaneously, as the liquors from the 
trans-isomeride gave, on evaporation, an oil from which phenyl- 
benzyldichloroanthracene (XII) was easily obtained as a yellow, 
fluorescent substance by treatment with acids : 
Ph:C-H Ph:C-H C-Ph 
(X.) X¥< >X X<>X (XI) X<|[>X (X11) 
HO-C-Bz Bz-C-OH C-Bz 

The fact that phenyldichloroanthrone can yield alkylidene com- 
pounds whereas phenylanthrone yields only the anthracene 
derivatives is in harmony with previous observations on the stabilis- 
ing influence of «-chlorine atoms on the derivatives of 9 : 10-dihydro- 
anthracene, and the inter-conversion of the alkylidene compounds 
(IX) and the anthracene derivatives (VIII) would supply definite 
proof of the theory of transannular tautomerism (Barnett, Cook, 
and Matthews, loc. cit.). To this end a detailed examination of the 
products described in the present communication is now in progress. 

Ingold and Marshall (loc. cit.) have shown that the 9 : 10-diaryl- 
anthracenes undergo a reversible deepening in colour when heated 
with an inert solvent of high boiling point and have attributed this 
to dissociation of the ‘‘ bridge ”’ bond leaving the meso-carbon atoms 
in the tervalent state. Liebermann, Glawe, and Lindenbaum (Ber., 
1904, 37, 3337) and Schlenk (Annalen, 1912, 394, 191) have pre- 
viously brought forward evidence of the existence of anthracene 
derivatives in which one of the meso-carbon atoms is tervalent, 
although the latter observer was unable to detect dissociation of 
9: 10-diphenylanthracene. The present authors have confirmed 
qualitatively Ingold and Marshall’s statements as regards the 
reversible deepening in colour of the diarylanthracenes in mesitylene 
solution, and have found that not only the diarylanthracenes men- 
tioned in the sequel, but also the 9-phenyl-10-alkylanthracenes 
exhibit the same phenomenon. A similar remark applies to 
9-phenylanthracene, although in this case the effect is so slight as to 
be barely perceptible. The colourless products to which the 
alkylidene formula (IX) has been attributed in the foregoing do not 
become coloured when their solutions in mesitylene are boiled, and 
this is regarded as additional evidence in favour of the structure 
assigned to them. . 

Ingold and Marshall assume, by analogy with the hexa-aryl- 
ethanes, that the formation of disodio- and dipotassio-compounds of 
the diarylanthracenes indicates the existence of a dissociable 
“bridge” bond. This argument is inadmissible, as anthracene 
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itself gives similar compounds (Schlenk, Appenrodt, Michael, and 
Thal, Ber., 1914, 47, 473) and, indeed, the formation of these com- 
pounds is merely a further example of the resemblance of the 
“ bridge ” to an ethylenic bond. 

In any case, the dissociation of the diaryl- and arylalkyl-anthra- 
cenes is just as much in harmony with the orthoquinonoid formula as 
with the “‘ bridge ” formula and there appears to be no method of 
differentiating between these two structures. Arguments based on 
physical properties such as refractivity (compare Auwers, Ber., 1920, 
53, 941) are fictitious, since the “‘ bridge,”’ if it does exist, does not 
behave like an ordinary single bond, although represented as such. 
In all its chemical properties it exactly resembles an ethylenic bond 
and in calculating a physical constant it should be treated as a double 
bond. If this is done, the ‘“ bridge” and the orthoquinonoid 
structures represent each a system containing seven double bonds 
and are therefore indistinguishable. The chief advantages of the 
“bridge ” formula are that it represents reactions of transannular 
addition and loss somewhat more clearly than the orthoquinonoid 
formula does, and it does not predict the existence of two «- or two 
8-monosubstitution products which would be expected from the 
orthoquinoid structure in the absence of a conception of dynamic 
equilibrium. For these reasons, it is used in this communication 
and is regarded as the best symbolical representation of the anthra- 
cene molecule whether the “‘ bridge” bond has any real existence 
or not. 

EXPERIMENTAL. 


9 : 10-Diphenyl-9 : 10-dihydroanthraquinol was prepared from 
anthraquinone and magnesium phenyl bromide in 50% yield 
without using the special precautions recommended by Kovaché. 
The pure product melted at 260-—263° (Haller and Guyot give 
247° and Ingold and Marshall 252—254°). To prove the formation 
of anthraquinol, the crude Grignard product was poured on ice and 
ammonium chloride, the ether removed by distillation in steam, and 
the resulting solid extracted with boiling dilute sodium hydroxide 
solution, all these operations being performed in an inert atmosphere. 
When air was blown through the deep red alkaline extract, anthra- 
quinone was deposited, and after recrystallisation it was identified 
by the method of mixed melting points. 

In another experiment in which the crude diol was recrystallised 
from xylene, 9 : 10-diphenylanthracene was isolated from the liquors 
and identified by direct comparison with an authentic sample. 

9: 10-Di-p-anisyl-9 : 10-dihydroanthraquinol * was prepared by 

* This compound was previously prepared by Haller and Comptesse (loc. 
cit.), who also reduced it to dianisylanthracene. 
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Ingold and Marshall’s method (loc. cit.) from anthraquinone and 
magnesium p-anisyl bromide.* The inherent improbability of 
their statement that octahydrodiphenylanthracene is obtained when 
this diol is heated with hydriodic acid and phosphorus at 150° led 
us to repeat the experiment and we have identified their product as 
9: 10-dihydroanthracene by direct comparison with an authentic 
sample. A previous example of facile loss of a meso- group on heating 
with hydriodic acid has been given by one of us (J., 1926, 1684). 
1-Chloro-9 :10-diphenylanthracene.—By boiling 1-chloroanthra- 
quinone for 4 hours with 4 mols. of an ethereal solution of magnesium 
phenyl bromide a crude product was obtained from which 1-chloro- 
9 : 10-diphenylanthracene was isolated by recrystallisation first from 
toluene and then from acetic acid. It then formed a yellow, 
crystalline powder, m. p. 185° (Found: Cl, 9-7. C,,H,,Cl requires 
Cl, 9:7%). In addition to the above, the crude product also con- 
tained 1-chloroanthraquinone (due to atmospheric oxidation of the 
anthraquinol) and as it gave an indigo-blue colour with concen- 
trated sulphuric acid the diol also was doubtless present. For the 
preparation of 1-chloro-9 : 10-diphenylanthracene, it was found best 
to remove the anthraquinone by extraction with alkaline hydro- 
sulphite solution and then to reduce by boiling with zinc dust and 
acetic acid. 
2-Chloro-9 : 10-diphenylanthracene was obtained as a yellow, 
crystalline powder, m. p. 194°, by reduction of the crude diol ob- 
tained from 2-chloroanthraquinone and magnesium phenyl! bromide 
(Found : Cl,9-7. Calce.: Cl,9-7%). Subsequent to our preparation 
of this compound, it was described by Ingold and Marshall (Joc. cit.). 
1 : 5- Dichloro -9 : 10 - diphenyl -9 : 10 - dthydroanthraquinol.— A 
vigorous reaction took place when 12g. of 1:5-dichloroanthraquinone 
were added to a cold ethereal solution of magnesium phenyl bromide 
(4 mols.). After boiling for 6 hours, the whole was poured on ice 
and solid ammonium chloride, and volatile substances were removed 
by distillation with steam. The. crude product contained much 
dichloroanthraquinone (due to atmospheric oxidation of the 
anthraquinol) and this was removed by repeated extraction with 
large volumes of boiling alkaline hydrosulphite solution. The 
residue, recrystallised from nitrobenzene and from xylene, formed 
a colourless, crystalline powder which melted to a red liquid at 
* 49 G. of pure p-bromoanisole were obtained when a solution of 52 g. 
of p-bromophenol in 200 c.c. of 10% potassium hydroxide solution was heated 
on the water-bath until neutral (about 2 hours) with 70 g. of methyl p-toluene- 
sulphonate, the whole being shaken from time to time. After addition of a 
large excess of alkali and heating for an hour to destroy the excess of the 


ester, the bromoanisole was removed by distillation with steam, dried in 
ethereal solution with calcium chloride, and distilled. 
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320° and gave an indigo-blue solution in concentrated sulphuric acid. 
The yield was 5 g. and numerous attempts under various conditions 
failed to improve it (Found: C, 71-9; H, 4:45. C,.H,,0,Cl, 
requires C, 72-0; H, 42%). Unlike all other dihydroanthra- 
quinols which have been studied up to the present, the above diol 
is extremely stable to reduction, and prolonged boiling with zinc 
dust and acetic acid, with or without the addition of hydrochloric 
acid, failed to convert it into diphenyldichloroanthracene. 

1:5:9:10- Tetrachloro-9 : 10-diphenyl -9 : 10 -dihydroanthracene 
was obtained when dry hydrogen chloride was passed through a 
solution of the above diol in boiling tetralin, and also when 1 : 5-di- 
chloro-9 : 10-diphenylanthracene was treated with a solution of 
chlorine in carbon tetrachloride. It formed colourless crystals which 
melted to a red liquid at 250° and liberated iodine from potassium 
iodide in acetic acid solution (Found : Cl, 30-3. C,,H,,Cl, requires 
Cl, 30-2%). 

9-Benzylanthracene.—By the action of a well-cooled solution of 
magnesium benzyl chloride (3 mols.) on anthrone (1 mol.) there was 
obtained a colourless, crystalline compound, m. p. 50°. This 
dihydroanthranol (IV. R = H; R’ = C,H.) is less stable than its 
isomeride (Cook, J., 1926, 2160) and passes into 9-benzylanthracene 
on keeping over-night in a vacuum desiccator. 

Neither o-tolyl- nor p-anisyl-anthracene could be obtained from 
anthrone by the action of magnesium tolyl or anisyl bromide, most 
of the anthrone being recovered unchanged. 

Action of Grignard Solutions on 9-Phenylanthrone.—In all cases, 
9 g. of finely powdered 9-phenylanthrone were added to an ethereal 
solution of the Grignard reagent (3 mols.), the whole being cooled in 
a freezing mixture. After remaining over-night at the ordinary 
temperature, the mixture was poured on ice and solid ammonium 
chloride, the ethereal layer washed, and the ether removed by 
distillation. The residual crude dihydroanthranol passed very 
easily into the alkylanthracene by heating with acetic acid alone or 
with the addition of acetic anhydride or a few drops of hydrochloric 
or dilute sulphuric acid. In order to establish the reaction, the 
dihydroanthranol was purified and analysed in three cases. 
Attempts to effect dehydration in such a way that an alkylidene 
derivative was formed were not successful. When the reaction was 
carried out with magnesium isobutyl bromide, only 9-phenyl- 
anthracene was obtained, a result which may be due to the reducing 
properties of the Grignard solution but is more probably to be 
attributed to loss of butyl alcohol from the crude dihydroanthranol. 
The same result was obtained when the Grignard solution was 
carefully freed from metallic magnesium. 
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9-Pheny]-10-«-naphthyldihydroanthranol was found to be more 
stable than the other dihydroanthranols, but it was converted into 
9-phenyl-10-«-naphthylanthracene by boiling for 3 hours with 
acetic anhydride. 

Phenyl-n-butylanthracene, phenylbenzylanthracene, and phenyl- 
a-naphthylanthracene are yellow in colour, but all the other hydro- 
carbons are colourless. They are all strongly fluorescent. The 
dihydroanthranols are all colourless and non-fluorescent. 

The following table gives the m. p. and analytical figures for carbon 
and hydrogen, the calculated values being in brackets. The solvent 
from which final crystallisation was effected is given after the m. p. 


Phenylalkyl (or aryl)- Phenylalkyl (or aryl)- 
Group. dihydroanthranol. anthracene. 
Et — M. p. 110° (alcohol). 
93-4, 65 (Cy.H,,: 93:6, 
6-4%). 
Pra M. p. 148—150° (much lower M. p. 115—116° (alcohol). 
in a preheated bath) (benz- 93:1, 6:7 (Cy3H.,: 93:2, 
ene—light petroleum). 6°75%). 
87:6, 7-2 (Cog3H.,0: 87°9, 
70%). 
Pr8 — M. p. 166—167° (methyl ethyl 


ketone—alcohol). 
93-2, 60 (CysH oo : 93°25, 


6-75%). 
Bue -— M. p. 156° (ethyl acetate). 
92-6, 71 (Co,Ho2 : 92:9, 
7°1%). 
isoAmyl — M. p. 203—204° (benzene- 
alcohol). 
92-3, 7:45 (C,;H.,: 92-6, 
744 . 
Bz M. p. 177° (benzene). M. p. 155° (acetic acid). 
89-3, 62 (Cy,H..0: 89°5, 94:0, 60 (Cy,Hep: 94-2, 
6-1%). 5:8%). 
a-C,,H, M. p. 260—262° (toluene). M. p. 244—245°* (benzene- 
90-2, 5-65 (C,,H..0: 90-4, alcohol). 
55%). 94-5, 5-4 (Cale. : 94:7, 5°3%). 


* Previously made by a different method by Guyot and Staehling (Bull. 
Soc. chim., 1905, 38, 1120), who gave the m. p. as 229°. 


Action of Grignard Solutions on 1 : 5-Dichloro-9-phenylanthrone.— 
In all cases the reaction was carried out by adding finely powdered 
1 : 5-dichloro-9-phenylanthrone (m. p. 254° and not 245° as erron- 
eously given previously; Barnett and Matthews, Ber., 1926, 59, 
670) to an ethereal solution of 3—4 mols. of the Grignard reagent, 
the whole being cooled in a freezing mixture. After remaining 
over-night at the ordinary temperature, the mixture was poured 
on ice and solid ammonium chloride. The washed and filtered 
ethereal solution was then evaporated to dryness. Under these 
conditions viscous oils which could not be made to crystallise were 
obtained with all the magnesium alkyl halides, and these were 


meso-ALKYL AND mes0O-ARYL ANTHRACENE DERIVATIVES. 1731 


therefore dissolved in acetic acid and heated on the water-bath with 
the addition of a little sulphuric or hydrochloric acid. 

1 : 5-Dichloro-9-phenyl-10-methylene-9 : 10-dihydroanthracene (1X ; 
R=H), after recrystallisation from ethyl acetate, formed a 
snow-white, crystalline powder which showed no fluorescence; 
m. p. 150° (Found: C, 74-6; H, 4-5; Cl, 20-8. C,,H,,Cl, requires 
C, 74:8; H, 4-2; Cl, 21-:1%). 

1 : 5-Dichloro-9-phenyl-10-ethylidene-9 : 10-dihydroanthracene (IX; 
R= Me). The crude dihydroanthranol, when boiled with acetic 
acid and a mineral acid, gave chiefly a red, resinous product, but by 
dissolving this in ethyl acetate, adding alcohol, and then allowing 
the solution to evaporate slowly at the ordinary temperature, a 
colourless product (about 0-5 g. from 7 g. of phenyldichloroanthrone) 
was obtained which, after recrystallisation from alcohol and then 
from ethyl acetate, melted at 159° (Found: C, 75:3; H, 4-9. 
C,H, ,Cl, requires C, 75-2; H, 4-6%). 

n-Propyl derivatives. By treating the red resin obtained by 
heating the crude dihydroanthranol with acetic and hydrochloric 
acids as described above, a small amount of a colourless, non- 
fluorescent product was isolated which, after recrystallisation 
from methyl alcohol, melted at 135°. This was undoubtedly 
1 : 5-dichloro-9-phenyl-10-propylidene-9 : 10-dihydroanthracene (IX; 
R = Et) (Found: C, 75:3; H, 5-1. C,,H,,Cl, requires C, 75-6; 
H, 49%). 

In another experiment, in which the crude dihydroanthranol was 
treated with acetic and sulphuric acids, the red resin, when treated 
as described above, yielded a small amount of a yellow, strongly 
fluorescent substance which, after being washed with boiling methyl 
alcohol and recrystallised from ethyl acetate, melted at 196°. This 
product was almost certainly 1 : 5-dichloro-9-phenyl-10-n-propyl- 
anthracene (VIII; R = Et), but the yield was less than 0-1 g. from 
7 g. of phenyldichloroanthrone (Found: OC, 75-8; H, 5-6. 
C.3H,,Cl, requires C, 75-6; H, 4:9%). 

isoPropyl derivative. Treatment of the crude dihydroanthranol 
with acetic and either sulphuric or hydrochloric acids yielded a red 
resin from which, by treatment with ethyl acetate as described 
above, about 0-2 g. of a yellow, strongly fluorescent, crystalline 
powder, m. p. 195° (to a red liquid), was isolated which analysis 
indicated to be 1 : 5-dichloro-9-phenyl-10-isopropylanthracene (Found : 
C, 75-0; H, 5-1. C.3H,,Cl, requires C, 75-6; H, 4-9%). 

n- and iso-Butyl derivatives. In neither case was it found possible 
to isolate sufficient pure material from the red resin for analysis, but 
from the n-butyl product a minute amount of a yellow, fluorescent, 


crystalline powder, m. p. 186° (to a red liquid), was obtained. 
3M 2* 
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1 : 5-Dichloro-9-phenyl-10-benzyl-9 : 10-dihydroanthranol = (X).—- 
The reaction between phenyldichloroanthrone and magnesium 
benzyl chloride was carried out as with other magnesium alkyl 
halides. After the mixture had been poured on ice and ammonium 
chloride, the colourless solid which was insoluble in ether was col- 
lected, washed with ether, and recrystallised from alcohol; m. p. 
173° (yield, 3-5 g. from 7 g. of phenyldichloroanthrone) (Found : 
Cl, 16-5. C,H, OCI, requires Cl, 16-5%). This product was much 
more stable to acids than most dihydroanthranols; when boiled 
under reflux with glacial acetic acid and either hydrochloric or 
sulphuric acid, or with acetic anhydride, or when heated alone to 
300°, it underwent some change, but repeated crystallisation of the 
product from various solvents failed to yield any substance of 
constant melting point. 

1 : 5-Dichloro-9-phenyl-10-benzylanthracene (XII).—When the 
ethereal solution from the above preparation was evaporated to 
dryness, an oil was left which rapidly passed into a crystalline solid 
when heated on the water-bath with glacial acetic acid containing 
a little hydrochloric acid. After boiling with animal charcoal in 
acetone—aqueous alcohol solution and recrystallisation from benzene, 
this was obtained as a yellow, crystalline powder, m. p. 209°. The 
solution showed a strong blue fluorescence (Found : C, 78-4; H, 4:8. 
C,,H,,Cl, requires C, 78-4; H, 4-6%). 

1 : 5-Dichloro-9 : 10-diphenyl-9 : 10-dihydroanthranol was obtained 
in good yield from phenyldichloroanthrone and magnesium pheny! 
bromide and after recrystallisation from alcohol melted and evolved 
gas at 201° (Found: Cl, 17-2. C,g,H,,OCl, requires Cl, 17-0%). 

Attempts to prepare the corresponding «-naphthyl compound led 
only to the isolation of unchanged phenyldichloroanthrone. 

1 : 5-Dichloro-9 : 10-diphenylanthracene.—The above  dihydro- 
anthranol was boiled with glacial acetic acid containing a little 
hydrochloric acid, and the product recrystallised several times from 
amyl alcohol and from benzene-light petroleum. It then formed 
a yellow, crystalline powder, m. p. 236° after previous sintering 
(Found: Cl, 17-9. C,,H,,Cl, requires Cl, 17-8%). On oxidation 
with sodium dichromate in boiling glacial acetic acid, it passed into 
the same dihydroanthraquinol that was obtained by the action of 
magnesium phenyl bromide on | : 5-dichloroanthraquinone. 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
some of the cost of this research. 
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CCXAV.—Studies of Dynamic Isomerism. Part 
XXIII. Mutarotation in Aqueous Alcohols. 


By Evan Matruew Ricuarps, IRvINE JOHN FAULKNER, and 
THomas Martin Lowry. 


THE present paper summarises the mutarotation data for some 
80 solutions of glucose and of tetramethy] glucose in aqueous methyl 
and ethyl alcohols. These measurements formed part of a research 
on the influence of water concentration on velocity of mutarotation, 
and may therefore be regarded as a sequel to a recent investigation 
of the velocity of mutarotation of tetramethyl glucose and tetra- 
acetyl glucose in aqueous acetone (Part XXI; J., 1926, 720). The 
results, however, were of an entirely different character from those 
recorded in the preceding papers of this series. Thus, whereas 
solutions in aqueous pyridine gave a curve with a strongly developed 
maximum (J., 1925, 127, 2883), and those in aqueous acetone gave a 
drooping curve approaching asymptotically to the axis of concen- 
tration (J., 1926, 721), the curves for solutions in aqueous alcohols 
show an approximate proportionality between water concentratation 
and velocity, which persists up to 50% and up to about 70% of 
water in the case of methyl and ethyl alcohol, respectively. 

It is not easy to give a precise interpretation of these facts. The 
direct proportionality between water content and velocity of 
mutarotation, which has been established by these present experi- 
ments, was regarded by Baker, Ingold, and Thorpe as a logical 
deduction from the hydrate theory of mutarotation, a conclusion 
that was illustrated by a diagram on which a line passing through 
the origin was labelled ‘‘ Theoretical for Lowry and Armstrong’s 
Mechanism ”’ (J., 1924, 125, 281). Since, however, the lines which 
represent the influence of water concentration on the velocity of 
mutarotation in the two aqueous alcohols do not point towards the 
value for pure water, but to a velocity which is only about two-thirds 
as great, we cannot adopt the elementary view that mutarotation 
depends on a simple mass action, in which the catalytic activity of 
the water is proportional to its volume concentration and inde- 
pendent of all other factors. Moreover, we have already shown in 
the case of aqueous acetone that the velocity of mutarotation is not 
proportional to the “fugacity” of the water, since the partial 
vapour pressure of this component rises steeply in the region of 
small concentrations, whereas the velocity curves rise only very 
slowly from a horizontal asymptote. A similar conclusion can now 
be drawn in reference to aqueous ethyl alcohol, since the steep rise 
in the partial vapour pressure of the water, recently recorded by 
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Dobson (J., 1925, 127, 2872), is again in complete contrast with the 
slow progressive increase of velocity indicated by the straight lines 
of Fig. 1; nor does it appear likely that these unrelated curves could 
be brought into agreement by means of a correction based upon a 
hypothetical variation in the “fugacity ” of the sugar. The new 
experimental evidence therefore provides ample confirmation of the 
view, which was already adopted in 1904 (J., 85, 1567), that the 
velocity of mutarotation of the sugars in aqueous solutions is not 
controlled by the initial hydration of the anhydrous sugar (which 
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can be regarded for this purpose as an instantaneous action) but 
by a much slower, and more fundamental, molecular rearrangement 
of the hydrate. 

The factors which determine the velocity of this fundamental 
change of structure have not yet been fully disclosed. On general 
grounds it might be supposed that the velocity of the change 
would be proportional to the dielectric constant of the solution. 
The data for the dielectric constant of aqueous ethy] alcohol, which 
are plotted in Fig. 1, show that this property is related to the water 
content of the solutions according to a nearly linear law, which 
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extends (with a “‘ sag ” of 3 or 4 units in the centre of the curve) 
over the whole range of concentrations from 0 to 100%. Whilst, 
however, the dielectric constants for water and for ethyl alcohol 
are in the ratio 80:26 = 3:1, the velocities of mutarotation in 
the two solvents are in a ratio which cannot be less than 80 : 1, since 
the velocity coefficient for tetramethyl glucose falls from 0-0128 in 
water to a figure which is certainly less than 0-00016 in alcohol. The 
velocity of mutarotation in pure alcohol is indeed so small as to be 
almost negligible, whereas the dielectric constant of the medium is 
quite high enough to give to it the normal properties of an ionising 
solvent. Again, the curve showing the variation of the dielectric 
constant with the water content of the solution (like that which 
expresses the partial vapour pressure of the water) gives no indication 
whatever of the abrupt change of direction in the velocity curve, 
which is more than twice as steep for solutions containing from 75 to 
100% H,0 as for solutions containing 0 to 70% H,0. 

Since none of these suggested relationships can be verified, the 
theory which links the velocity of mutarotation with the acid and 
basic properties of the medium (J., 1925, 127, 1382) is at the present 
time the only one for which any experimental justification can be 
found. In the case of aqueous solutions, detailed evidence of this 
relationship is given by Euler’s precise quantitative determination 
of the influence of hydrogen-ion concentration on the velocity of 
mutarotation of «- and @-glucose (Z. anorg. Chem., 1925, 146, 45; 
compare Hudson, J. Amer. Chem. Soc., 1907, 29, 1572, and Kuhn 
and Jacob, Z. physikal. Chem., 1924, 113, 389). In the case of 
solvents which are either wholly or partly non-aqueous, the 
hydrogen-ion concentrations are not known; but, since muta- 
rotation can be arrested in media which possess only acid or only 
basic properties (as well as in media which possess neither), there 
can be little doubt that in these cases also the velocity of muta- 
rotation must be a fairly simple function of these two properties. 


EXPERIMENTAL. 


The first experiments were made with samples of purified glucose 
and glucose hydrate supplied by Messrs. British Drug Houses, 
Limited. The suitability of these two samples for experiments on 
mutarotation was established by the fact that they gave normal 
values for the velocity coefficient in aqueous solutions, namely, 
k, = 0-0146 for the anhydrous sample and k, = 0-0147 for the 
hydrated sample at 20°.* We are indebted to Mr. G. F. Smith 


* The values recorded here and in the preceding papers (Parts XIX to 
XXII) are for k, = l/t{loga, — a.) — logda: — a,,)} and not for ky = 
Wtlogy (ag — a) — logy (a — a.)}- 
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for a detailed investigation of this point. His observations showed 
that a commercial sample of glucose, which gave k, = [0-0160], 
0-0142, 0-0145, 0-0144 and 0-0144, after precipitation with alcohol 
gave k, = 0-0153, 0-0146. After crystallisation of the original 
sample from alcohol the product gave k, = 0-0146, 0-0146, whilst 
after a second crystallisation from alcohol it gave k, = 0-0145. 
The average, k, = 0-0146, of these very concordant data may be 
taken as a standard velocity coefficient in future tests of the purity 
of glucose. Values recorded by other workers are set out below 
for comparison. 


Velocity of mutarotation of glucose in water. 
ko. Kee. Observer. 
(a) At 20° 0-0065 0-0150 ‘Trey (Z. physikal. Chem., 1895, 18, 205). 

0-0059 0-:0136 Parcus and Tollens (Annalen, 1890, 257, 
160). 

0-0061 00140 Levy (Z. physikal. Chem., 1895, 17, 307). 

0-00635 0-0146 Hudson and Dale (J. Amer. Chem. Soc., 
1917, 39, 320). 

0-00627 0-0144 Mackenzie and Ghosh (Proc. Roy. Soc. 
Edin., 1914, 35, 22). 

(b) At 25° 0-0104 0:0239 Osaka (Z. phystkal. Chem., 1900, 35, 702). 

0-0074 0-0170 Trey (ibid., 1897, 22, 427). 

0-0100 0-0230 J. Meyer (ibid., 1908, 62, 59). 

0-0106 0-0244 Hudson (J. Amer. Chem. Soc., 1907, 29, 
1573). 

0-0103 0:0237 Béeseken (Ber., 1913, 46, 2626). 

0-0104 0-0239 Kuhn and Jacob (Z. physikal. Chem., 1924, 
118, 387). 

0-0095 0:0219 Worley and Andrews (J. Physical Chem., 
1927, 81, 744). 


When dissolved in methyl alcohol (purified as described in Part 
XIX and containing about 99-5°%% MeOH), the anhydrous glucose 
gave a velocity coefficient k, = 00006. The corresponding value for 
tetramethyl glucose in a sample of methy] alcohol containing 99-1°% 
MeOH was 0-0004, but this was subsequently reduced to 0-0002 by 
further purification of the alcohol, and even Jower values have since 
been recorded by Worley and Andrews (J. Physical Chem., 1927, 31, 
742) for the velocity coefficient of glucose in anhydrous methyl 
alcohol. The minimum velocity, however, represents a standard of 
purity which cannot be maintained in practice, since it corresponds 
with the conditions required to produce a complete arrest of muta- 
rotation in a hydrocarbon solvent; Worley’s velocities, as well as 
our own, are therefore a little too high at the alcohol end, but not 
to such an extent as to affect the general form of the velocity 
curves. 

On account of the limited solubility of glucose in ethyl alcohol, 
suitable solutions could not be prepared in the higher ranges of 
concentration, and, even when methyl alcohol was used, it was 
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found convenient to prepare many of the solutions by filtering off an 
excess of the sugar, instead of by weighing out an exact percentage. 
Since identical velocity coefficients were obtained for these filtered 
solutions of glucose in 40% alcohol, and for solutions containing 
4%, of sugar, it appears that the velocity is not affected by the 
corresponding changes of sugar concentration; but, since filtration 
introduces an additional risk of contamination by catalytically 
active impurities, the difficulty of securing concordant velocities 
was increased considerably by the sparing solubility of the sugar, 
and in several cases the experiment had to be repeated more than 
once before a trustworthy minimum velocity could be recorded. It 
was therefore decided to regard all the data for glucose as pre- 
liminary determinations only, and to confirm the whole of the 
observations by duplicate experiments with tetramethyl glucose. 
This procedure had the double advantage that the sugar was of 
undoubted purity (compare J., 1925, 127, 1387, footnote; 1926, 

21), and that solutions of any desired strength could be prepared 
in an aqueous alcohol of any desired concentration and examined 
under comparable conditions. Moreover, it was found in practice 
that much less difficulty was experienced in securing consistent 
values for the velocity coefficients. Nevertheless, the complete 
concordance of the velocity curves for tetramethyl glucose with 
those already plotted for the parent sugar shows that the velocity 
coefficients finally recorded for glucose must have been substantially 
correct. 

Results.—In order to economise space, all the direct readings of 
rotatory power have been omitted, but the unimolecular velocity 
coefficients deduced from them are set out in Tables I to IV below, 
and are represented graphically in Fig. 1. In general there is no 
great difference between the velocity of mutarotation in methyl and 
ethyl alcohols of a given water content, as is seen in the following 
summary of the data for glucose : 

Water (%) 90 80 70 60 50 40 30 

10,000 k, (EtOH) et a -— << 

10,000 k, (MeOH) 117 91 76 62 48 39 += 31 

The two curves must cross, however, on either side of the 50% point, 
since the velocities at this concentration are slightly less in methyl 
than in ethyl alcohol, whereas they are slightly greater in the ranges 
outside 40 to 60% H,O. 

In Fig. 1, the full lines are for tetramethyl glucose, whilst the 
dotted lines refer to the less trustworthy experiments with glucose. 
Curves have also been added to show the dielectric constant, and the 
partial pressure of water vapour, in mixtures of ethyl alcohol and 
water. The experimental points have been represented as lying 
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TABLE I. 


Mutarotation of Glucose in Aqueous Methyl Alcohol at 20° 


Length Vel. Length Vel. 
Water Sugar of tube  coeff., Water Sugar oftube coeff. 
%. %. (cm.). kx 10'. " , (cm.). &, x10‘. 
5 20 146 5 20 j 
5 
Sat. 
3 


Mutarotation of Glucose in Aqueous Ethyl Alcohol at 20°. 


First series. Second series. 


Se —eEEE 


Water Sugar Vel. coeff., 

» on, k. X 104. 
100 146 
90 114 
80 89 
70 73 
60 62 
% 63 
50 54 


TABLE III. TABLE IV. 


Mutarotation of T'etramethyl Mutarotation of Tetramethyl 
Glucose in Aqueous Methyl Alcohol Glucose in Aqueous Ethyl Alcohol 
at 20°. at 20°. 

Length Vel. Length Vel. 

Water Sugar oftube  coefi., Water Sugar oftube coeff., 

% %.  (em.). kX 104. o% %.  (em.). keX 104. 
5 20 127 


10 
on or near two straight lines for each of the series of observations 
in aqueous ethyl alcohol, and three straight lines in the case of 
methyl alcohol. It is probable that the points might be represented 
equally well as lying on a continuous curve, like Worley’s data for 


co 
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aqueous methyl alcohol at 25°; but for this purpose it would be 
essential that the curve should be indistinguishable from a straight 
line at concentrations up to 50% MeOH or 70% EtOH. Whilst, 
therefore, we do not suggest that there are any real ‘“‘ kinks ”’ in the 
velocity curves, we have plotted the data on a linear framework, on 
the ground that they probably belong to the type, of which the real 
existence was demonstrated many years ago by Pickering (see 
especially Phil. Mag., 1892, 33, 134), which can be represented more 
closely by a pair of intersecting lines than by a single parabolic 
curve. Discontinuities of an even more striking character than 
those discovered by Pickering have been recorded by McCombie and 
his colleagues (J., 1921, 119, 970; 1923, 123, 2688) in the data for 
the velocity of saponification of esters in aqueous alcohols, where 
“ breaks ” were observed at 79, 64, 48, and 37°94, MeOH, and at 80, 
62-5 or 59, 46, and 30% EtOH. Since their observations did not 
include the most dilute alcohols, it is not possible to make a direct 
comparison. of these ‘‘ breaks ” with the rapid changes of curvature 
which are shown by our data at about 20°/,.MeOH and 25% EtOH ; 
but the change of curvature at 48 to 50°/, MeOH which is indicated 
by our data occurs at a concentration agreeing closely with that of 
their ‘‘ break” at 48% MeOH. A “ break” at this concentration 
has also been recorded in the viscosity, dielectric constant, and heat 


of dilution of this series of aqueous alcohols (McCombie, loc. cit., 
p. 2690). 


Summary. 


(a) Data are given for the velocity of mutarotation of glucose and 
of tetramethyl glucose in aqueous methyl and ethyl alcohols. 

(6) When the velocity coefficients are plotted against the water 
content of the solution, a linear relation is seen to extend up to 
about 50% H,O in aqueous methyl alcohol and 70° H,O in aqueous 
ethyl alcohol. 

(c) No parallelism can be traced between the velocity of muta- 
rotation and the partial pressure of the water, or the dielectric 
constant of the water—alcohol mixtures; but attention is directed 
to certain analogies with data recorded by McCombie and his 
colleagues for the velocity of saponification of esters dissolved in 
aqueous alcohols. 


We are indebted to the Department of Scientific and Industrial 
Research for maintenance grants (to E.M.R. and I.J.F.) received 
during the period in which this research was carried out. 
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TABLE I. 


Mutarotation of Glucose in Aqueous Methyl Alcohol at 20° 


Length Vel. Length Vel. 

Water Sugar oftube coeff., Water Sugar of tube coeff. 

%. %. (om.). kx 10*. . » (cm.). kx 104. 
100-0 5 20 146 5 20 j 

95-2 3 131 5 

90 5 117 ° Sat. 

a 3 118 : 3 

85 105 

82-6 100 

80-2 93 

80:1 91 

77-6 90 

753 84 

70-2 77 

70-0 76 


TaBeE IT. 
Mutarotation of Glucose in Aqueous Ethyl Alcohol at 20°. 


First series. Second series. 

Sugar Vel. coeff., 
%. ke X 104. 

146 

114 

89 

73 

62 

63 

54 


TABLE III. TABLE IV. 


Mutarotation of ‘T'etramethyl Mutarotation of Tetramethyl 
Glucose in Aqueous Methyl Alcohol Glucose in Aqueous Ethyl Alcohol 
at 20°. 


Length Vel. Length Vel. 
Sugar oftube  coefi., Water Sugar oftube  coeff., 
(cm.). k,.x 104. %- %. (em.). kx 104. 


10 


on or near two straight lines for each of the series of observations 
in aqueous ethyl alcohol, and three straight lines in the case of 
methyl alcohol. It is probable that the points might be represented 
equally well as lying on a continuous curve, like Worley’s data for 


-_ 
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aqueous methyl alcohol at 25°; but for this purpose it would be 
essential that the curve should be indistinguishable from a straight 
line at concentrations up to 50° MeOH or 70% EtOH. Whilst, 
therefore, we do not suggest that there are any real “ kinks ”’ in the 
velocity curves, we have plotted the data on a linear framework, on 
the ground that they probably belong to the type, of which the real 
existence was demonstrated many years ago by Pickering (see 
especially Phil. Mag., 1892, 33, 134), which can be represented more 
closely by a pair of intersecting lines than by a single parabolic 
curve. Discontinuities of an even more striking character than 
those discovered by Pickering have been recorded by McCombie and 
his colleagues (J., 1921, 119, 970; 1923, 123, 2688) in the data for 
the velocity of saponification of esters in aqueous alcohols, where 
‘ breaks ” were observed at 79, 64, 48, and 37° MeOH, and at 80, 
62-5 or 59, 46, and 30% EtOH. Since their observations did not 
include the most dilute alcohols, it is not possible to make a direct 
comparison of these “‘ breaks ”’ with the rapid changes of curvature 
which are shown by our data at about 20°%.MeOH and 25°% EtOH ; 
but the change of curvature at 48 to 50° MeOH which is indicated 
by our data occurs at a concentration agreeing closely with that of 
their ‘‘ break’? at 489% MeOH. A “ break” at this concentration 
has also been recorded in the viscosity, dielectric constant, and heat 


of dilution of this series of aqueous alcohols (McCombie, loc. cit., 
p. 2690). 


Summary. 


(a) Data are given for the velocity of mutarotation of glucose and 
of tetramethyl glucose in aqueous methyl and ethyl alcohols. 

(6) When the velocity coefficients are plotted against the water 
content of the solution, a linear relation is seen to extend up to 
about 50° H,O in aqueous methyl alcohol and 70°% H,O in aqueous 
ethyl alcohol. 

(c) No parallelism can be traced between the velocity of muta- 
rotation and the partial pressure of the water, or the dielectric 
constant of the water—alcohol mixtures; but attention is directed 
to certain analogies with data recorded by McCombie and his 
colleagues for the velocity of saponification of esters dissolved in 
aqueous alcohols. 


We are indebted to the Department of Scientific and Industrial 
Research for maintenance grants (to E.M.R. and I.J.F.) received 
during the period in which this research was carried out. 
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CCXXVI.—The Reimer-Tiemann Reaction with m- 
Chlorophenol. 


By Herspert Henry Hopeson and THomas ALFRED JENKINSON. 


A MIXTURE of 4-chloro-2-hydroxy- and 2-chloro-4-hydroxy-benz- 
aldehyde in almost equal quantities has been obtained from m- 
chlorophenol by the Reimer—Tiemann reaction. The constitutions 
of the two aldehydes were determined by converting the methyl 
ethers into the corresponding methoxy- and hydroxy-benzoic acids, 
and confirmed by preparing 4-chloro-2-methoxybenzaldehyde from 
4-nitro-2-methoxytoluene and  2-chloro-4-hydroxybenzaldehyde 
from 2-chloro-4-nitrotoluene. 


EXPERIMENTAL. 


4-Chloro-2-hydroxy- and  2-Chloro-4-hydroxy-benzaldehyde.—An 
intimate mixture of slaked lime (140 g.), sodium carbonate (160 g.), 
m-chlorophenol (56 g.), water (1000 ¢.c.), and chloroform (104 g.) was 
submitted to the usual Reimer—Tiemann procedure. 4-Chloro- 
2-hydroxybenzaldehyde (13 g.) was removed by steam distillation, 
the operation being stopped when the much less volatile 2-chloro- 
4-hydroxybenzaldehyde began to pass over. The hot liquor in the 
flask was filtered from tar and, on cooling, deposited 2-chloro- 
4-hydroxybenzaldehyde (13 g.) in pale yellow, feathery needles. 

With alcoholic potash in place of the lime-soda mixture, the 
reaction proceeded much more vigorously and produced more tar. 
Aqueous sodium and potassium hydroxides gave intermediate results. 

4-Chloro-2-hydroxybenzaldehyde is very volatile in steam, being 
removed even from its yellow solutions in caustic alkalis. It 
is appreciably soluble in water and sulphurous acid, readily 
soluble in the usual organic solvents, and crystallises from 
alcohol or dilute acetic acid in long, colourless needles, m. p. 
52-5° (Found: Cl, 22-6. C,H,O,Cl requires Cl, 22-7%). It 
has an odour resembling that of walnuts, gives a brown precipitate 
with ferric chloride, does not reduce ammoniacal silver nitrate or 
Fehling’s solution, and is very resistant to acetylation and to 
oxidation by acid, neutral, or alkaline potassium permanganate. 
Although not readily methylated, yet it benzoylates easily under 
suitable conditions. In aqueous solution, it gives with copper and 
chromium sulphates, on careful treatment with dilute aqueous 
sodium hydroxide, a bright green copper salt and a dark green 
chromium salt. The oxime is fairly readily soluble in hot water, 
easily soluble in alkalis, alcohols, and glacial acetic acid, but less 
soluble in chloroform, and crystallises from alcohol in colourless 


a — << << 


THE REIMER-TIEMANN REACTION WITH m-CHLOROPHENOL. 1741 


needles, m. p. 155° (Found: Cl, 20-8. C,H,O,NCl requires Cl, 
20:-7%). The p-nitrophenylhydrazone crystallises from glacial 
acetic acid in orange needles, m. p. 257° (Found: Cl, 12:2. 
C,H, )0,N,Cl requires Cl, 12-2%), and gives a dark cherry-red 
colour with aqueous sodium hydroxide. The semicarbazone is 
readily soluble in alkalis, moderately easily soluble in alcohol, and 
separates from glacial acetic acid in very pale yellow clusters of 
micro-crystals, m. p. 212° (Found: Cl, 16-8. C,H,O,N,Cl requires 
Cl, 16-6%). The benzoate is best prepared by dissolving the aldehyde 
(0-6 g.) in ether (2 c.c.), adding pyridine (0°1 c.c.), and then a solution 
of benzoyl] chloride (0-5 g.) in ether (2 c.c.); after vigorous shaking, 
removal of the ether, and extraction of the product with warm dilute 
hydrochloric acid, the white, waxy residue is washed with water 
and crystallised from alcohol, from which it separates in long, 
colourless needles, m. p. 985° (Found: Cl, 13-5. C,,H,0,Cl 
requires Cl, 13-6%). 

4-Chloro-2-methoxybenzaldehyde is obtained in only moderate 
yield by direct methylation. It has a faint sweet odour, is readily 
soluble in the usual organic solvents, and crystallises from alcohol 
in colourless needles, m. p. 74° (Found : Cl, 20-9. C,H,O,Cl requires 
Cl, 20-8%). 

Alternative method of preparation. 4-Nitro-2-methoxytoluene 
(5 g.), dissolved in alcohol (20 c.c.), was added gradually 
to a hot solution of sodium hydroxide (3 g.) and sulphur (2 g.) in 
water (30 c.c.), and the mixture was heated for an hour on the water- 
bath. The alcohol and 2-methoxy-p-toluidine were then removed 
in steam, and the residue (2 g.) of crude 4-amino-2-methoxybenz- 
aldehyde was dissolved in hot dilute sulphuric acid (30%), and 
converted by the Sandmeyer method into 4-chloro-2-methoxy- 
benzaldehyde; after crystallisation from alcohol, this (Found : 
Cl, 20-79%), alone or mixed with the substance described above, 
melted at 74°. 

The oxime crystallises from hot water in long, colourless needles, 
m. p. 132° (Found: Cl, 19-1. C,H,O,NCl requires Cl, 19-1%). 
The p-nitrophenylhydrazone separates from glacial acetic acid in 
bright orange clusters of micro-crystals, m. p. 238° (Found: N, 
13-6. C,,H,,0,N,Cl requires N, 13-7%), and develops with alkali 
a less intense but more violet colour than the unmethylated p- 
nitrophenylhydrazone. The semicarbazone crystallises from glacial 
acetic acid in very pale yellow, almost colourless micro-plates, 
m. p. 228° (Found: Cl, 15-5. C,H,,0,N,Cl requires Cl, 15-6%). 
4-Chloro-2-methoxybenzoic acid, prepared by oxidising the aldehyde 
with aqueous alkaline potassium permanganate, crystallises from 
alcohol in clusters of micro-crystals, m. p. 148° (Found: Cl, 19-1. 
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C,H,O,Cl requires Cl, 19-0%). 4-Chloro-2-hydroxybenzoic acid 
was obtained by boiling the preceding acid with hydriodic acid 
(d 1-7); it was slowly volatile in steam, crystallised from water in 
fine, colourless needles which sublimed with slight decomposition 
at about 209° and melted at 211° (Varnholt, J. pr. Chem., 1887, 36, 
27, gives m. p. 207°) (Found: Cl, 20-4. Cale.: Cl, 20-5%), and gave 
a reddish-violet colour with ferric chloride. 

The 2-chloro-4-hydroxybenzaldehyde obtained as described above 
crystallised from mineral or glacial acetic acid in colourless needles, 
m. p: 147—148° (Gaitermann, Annalen, 1907, 357, 334, gives m. p. 
146-5°) (Found: Cl, 22-6%). It does not react with ammoniacal 
silver nitrate or Fehling’s solution, and gives only a slight precipitate 
with ferric chloride. The copper and chromium salts are of a lighter 
green colour than those of the 4-chloro-isomeride. The p-nitro- 
phenylhydrazone crystallises from alcohol in dark red plates and from 
glacial acetic acid in vermilion-red clusters of micro-crystals, m. p. 
288° (decomp.) (Found : Cl, 12-1. C©,3H,,0,N,Cl requires Cl, 12-2%) 
and gives a bluer red with caustic alkalis than the 4-chloro- 
isomeride. The semicarbazone crystallises from alcohol in 
yellow clusters of micro-crystals, m. p. 214° (Found: Cl, 16-8. 
C,H,0,N,Cl requires Cl, 16-6°%), the acetate from dilute acetic acid 
in colourless needles, m. p. 51-5° (Found: Cl, 17:8. C,H,0,Cl 
requires Cl, 17-99%), and the benzoate from alcohol in colourless 
needles, m. p. 96-5° (Found : Cl, 13-6. C,,H,O,Cl requires Cl, 13-6%). 

2-Chloro-4-hydroxybenzaldehyde was also prepared, in almost 
quantitative yield, by treating 2-chloro-4-nitrotoluene with sodium 
hydroxide and sulphur (see above), diazotising the resulting amino- 
compound, and boiling the very stable diazo-compound with 40% 
sulphuric acid for 20 minutes. 

The following derivatives were prepared in the same way as 
the corresponding 4-chloro-isomerides : The p-nitrophenylhydrazone 
separates from dilute acetic acid in orange-red needles, m. p. 249° 
(Found: N, 13-8. C©,,H,,0,N,Cl requires N, 13-7%), and gives a 
reddish-violet colour with aqueous-alcoholic alkali. The semi- 
carbazone crystallises from alcohol in clusters of colourless micro- 
crystals, m. p. 240° (Found: Cl, 15:7. C,H,,)0,N,Cl requires 
Cl, 156%). 2-Chloro-4-hydroxybenzoic acid crystallises from water 
(charcoal) in colourless needles, m. p. 159° (Found: Cl, 20:3. 
C,H,0,Cl requires Cl, 20-5%), and gives no definite colour with ferric 
chloride. 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 
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CCXXVII.—Imino-aryl Ethers. Part V. The Effect of 
Substitution on the Velocity of Molecular Re- 
arrangement. 


By ARTHUR WILLIAM CHAPMAN. 


In Part III (J., 1925, 127, 1992), it was shown that N-phenyl- 
benziminophenyl ether (I) could be completely converted into 
benzoyldiphenylamine (II) on heating. The change, which is 
unimolecular, was found to be best represented in terms of partial 
valencies (compare Robinson, Mem. Manc. Lit. Phil. Soc., 1920, 64, 
No. 4; Mumm, Hesse, and Volquartz, Ber., 1915, 48, 379) thus : 


NPh NPh 
>Ph —> PROX I) 
SO No 

When translated into the terms of the electronic theory, this 
formulation is ambiguous, since the migrating group may (a) carry 
with it both its shared electrons, (b) leave them behind, or (c) carry 
one and leave the other. 

It seemed desirable to study the effect of replacing the migrating 
phenyl group in N-phenylbenziminophenyl ether by other groups, 
since according to (a) it would be expected that the relative attrac- 
tion for electrons and the velocity of migration of different groups 
would follow the same order, but according to (b) the two values 
should be in the opposite order, whilst if (c) were correct the velocity 
of migration of a group should be independent of its attraction for 
electrons. 

A number of N-phenylbenzimino-ethers, RO-CPh:NPh (III), 
having different groups (R) attached to the oxygen atom, were 
made and their velocities of rearrangement were compared. A 
special experiment showed that these changes were not appreciably 
reversible. It was found that the groups could be arranged in 
the following order of descending ease of migration : o-nitrophenyl> 
2:4: 6-trichlorophenyl> p-acetylphenyl>2 : 4-dichlorophenyl > o- 
chlorophenyl>m-chloropheny] > p-chlorophenyl and «- and @-naph- 
thyls > phenyl and o-anisyl>m-anisyl> p-anisyl > methyl. 

The velocities of migration of these groups are in the same order 
as the dissociation constants of the corresponding carboxylic acids 
and phenols (R-CO,H and R-OH) and it must therefore be con- 
cluded that the mechanism of the isomeric change is represented 
by (a). Steric effects were evidently negligible, since the o-substi- 
tuted compounds underwent rearrangement more rapidly than the 
corresponding m- and p-compounds. 

Confirmatory evidence was then sought from the effect, on the 


Ph 
—> Pace 
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velocity of migration of a standard (phenyl) group, of variation of 
the groups attached to the nitrogen and carbon atoms. A number 
of N-substituted benziminophenyl ethers (IV) and N-phenylary]- 
iminopheny] ethers (V) were accordingly prepared. 


(IV.) PhO-CPh:NR PhO-CR:NPh (V-) 


The greater the attraction of the group R for electrons in either 
(IV) or (V), the less readily will the oxygen atom release the electrons 
which bind it to the phenyl group, and hence, according to mechan- 
ism (a), the lower will be the velocity of rearrangement of the 
imino-ether. 

This was indeed found to be the case, the ease of migration of 
the phenyl group being in the following order: for various groups 
attached to the nitrogen atom (type IV) p-anisyl>phenyl> p-chloro- 
phenyl and «-naphthyl>m- and o-chlorophenyl and 2 : 4-dichloro- 
phenyl>2 : 4 : 6-trichlorophenyl, and for various growps attached to 
the carbon atom (type V) p-anisyl> phenyl>p- and o-chlorophenyl > 
p-nitrophenyl and 2 : 4 : 6-trichlorophenyl. 

The isomeric change to a substituted amide which occurs when 
an imino-ether is heated at a sufficiently high temperature, 


RO(or RS)-CR’INR” == O(or S):CR’“NRR”, 


has now been studied in some detail (compare Part III, loc. cit.; 
Part IV, J., 1926, 2296). The rearrangement has been shown to be 
intramolecular and does not require any detectable amount of a 
catalyst. The behaviour of the imino-thioethers showed that, as 
might be expected, the change is reversible, but in the oxygen 
ethers equilibrium occurs so far over to the amide side that the 
reversibility is not appreciable. 

The velocity of isomeric change varies greatly with the nature 
of the migrating group and of the groups attached to the carbon 
and nitrogen atoms. The greater the attraction of the migrating 
group for electrons (i.e., the more “ negative ”’ it is) the greater the 
velocity of change, whilst negative groups attached to the carbon 
and nitrogen atoms retard the rearrangement. 

These facts are readily explicable on the assumption that the 
migrating group carries over to the nitrogen atom the two covalency 
electrons by which it is bound to the oxygen atom, and the isomeric 
change can be expressed in symbolic form thus: . 


XX — aoe ” 
* N xR” " JN XR" P xR 
a snccianitias . xe —— xo 
aw: = RC. oR = BU. R 
° 
cO°R °60o ° 
°° °° 
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(where x represents an electron originally belonging to the nitrogen 
octet, and o one belonging to the oxygen octet). 

The iminoether-amide rearrangement is a typical triad change, 
and it seems highly probable that the mechanism of a number of 
other such changes will be found to be explicable in similar terms. 


EXPERIMENTAL. 


The new imino-ethers required were prepared from the corre- 
sponding anilideiminochlorides and phenols by the method used for 
preparing N-phenylbenzimino-m-hydroxyphenyl ether (J., 1922, 
121, 1679). Unless otherwise stated, they were crystallised from 
alcohol, in which they were readily soluble when hot, but only 
sparingly soluble in the cold. 

They were converted into the corresponding amides by heating at 
280—310°, the products being purified by crystallisation from 
alcohol. Where possible, the amides thus obtained were compared 
directly with speciniens prepared by other methods. The identity 
of two samples of a compound obtained from different sources was 
always confirmed by the method of mixed melting points. 

N-Phenylbenzimino-m-chlorophenyl ether crystallised in colourless 
needles, m. p. 71° (Found : N, 4-6. C,,H,,ONCI requires N, 4-55%). 
On heating, it was converted into benzoyl-m-chlorodiphenylamine 
(m. p. 101—102°; identical with an authentic specimen). 

N-Phenylbenzimino-2 : 4-dichlorophenyl ether, pale yellow, slender 
prisms, m. p. 73—74° (Found: N, 4:2. C,,H,,ONCI, requires 
N, 4:1%). 

N-Phenylbenzimino-2 : 4 : 6-trichlorophenyl ether, colourless plates, 
m. p. 80—81° (Found: N, 3-95. C,)H,,ONCI, requires N, 3-7%). 

N-Phenylbenzimino-o-anisyl ether, colourless, slender prisms, 
m. p. 113° (Found: N, 4:7. C,)9H,,0,N requires N, 4-6%). 

N-Phenylbenzimino-m-anisyl ether was obtained as a viscous oil 
which did not crystallise even after standing for 18 months (Found : 
N, 4.45%). The product of heating this imino-ether was also not 
obtained in crystalline form. 

N-Phenylbenzimino-p-anisyl ether, colourless plates, m. p. 79—80° 
(Found : N, 4:8%). 

N-Phenylbenzimino-p-nitrophenyl ether, pale yellow plates, m. p. 
76—77° (Found: N, 8-9. ©, ,H,,0,N, requires N, 88%). All 
attempts to cause this imino-ether to undergo isomeric change were 
unsuccessful. Decomposition with formation of tar occurred even 
at 150°. 

N-Phenylbenzimino-«-naphthyl ether crystallised from light petrol- 
eum in crusts, m. p. 89° (Found: N, 4-6. C,,H,,ON requires 
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N, 43%). On heating, it gave benzoylphenyl-«-naphthylamine 
(m. p. 152°; identical with an authentic specimen). 
N-Phenylbenzimino-B-naphthyl ether crystallised in thin leaflets 
from alcohol, in which it was only sparingly soluble at the boiling 
point; m. p. 127—i28° (Found: N, 45%). It was hydrolysed by 
50% sulphuric acid to 8-naphthyl benzoate (m. p. 106—106-5°) and 
on heating gave benzoylphenyl-f-naphthylamine (m. p. 147°; 
identical with an authentic specimen). 
N-Phenylbenzimino-p-acetylphenyl ether, m. p. 94—95° (Found : 
N, 4:6. C,,H,,0,N requires N, 4-45%). 
N-Phenylbenzimino-o-acetylphenyl ether, m. p. 92—93° (Found : 
N,4-6%). Instead of yielding benzoyl-o-acetyldiphenylamine when 
heated, it was converted into a basic compound, which crystallised 
from alcohol in thin leaves, m. p. 268°. The change was practically 
complete in 90 minutes at 267° (Found: C, 85:1; H, 5:1; N, 4:8; 
M, by Rast’s micro-method, 285. C,,H,,O,N requires C, 80-0; 
H, 5-4; N, 445%; M, 315. C,,H,,ON requires C, 84-8; H, 5-1; 
N, 4:7%; M, 297). The loss of a molecule of water had evidently 
occurred and 1 : 2-diphenyl-4-quinolone (V1) was formed thus, 


O-CPh!NPh NPh-COPh 
e4 isomeric ee =. 
a 
\co-cH, 8 \“\co-CH, 


(vz.) CO 


the second stage being analogous to the formation of 4-hydroxy- 
2-phenylquinoline from benzoyl-o-aminoacetophenone (Camps, Arch. 
Pharm., 1901, 239, 597). . 

N-o-Chlorophenylbenziminophenyl ether, prepared from benz-o- 
chloroanilideiminochloride (b. p. 204°/10 mm.) and phenol, crystal- 
lised in slender prisms, m. p. 65—66° (Found: N, 4-4. C,gH,,ONCI 
requires N, 4:55°). On heating, it was converted into benzoyl- 
o-chlorodiphenylamine (m. p. 95°; identical with an authentic 
specimen). 

N-m-Chlorophenylbenziminophenyl ether, prepared from benz-m- 
chloroanilideiminochloride (b. p. 211—213°/14 mm.), crystallised in 
rosettes of pale yellow, stout prisms, m. p. 66° (Found: N, 45%). 
It gave benzoyl-m-chlorodiphenylamine on heating (m. p. 100—101° ; 
identical with an authentic specimen). 

N-p-Chlorophenylbenziminophenyl ether, prepared from benz-p- 
chloroanilideiminochloride (b. p. 220—224°/20 mm.), formed stout 
prisms, m. p. 110° (Found: N, 4:4%). It yielded benzoyl-p-chloro- 
diphenylamine on heating (m. p. 110°; identical with an authentic 
specimen). 
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N-2 : 4-Dichlorophenylbenziminophenyl ether, stout prisms, m. p. 
57—58° (Found: N, 4:0. C,,H,;,ONCI, requires N, 4:1%). In 
this and several subsequent preparations the iminochloride was not 
distilled, but, after treatment of the anilide with phosphorus penta- 
chloride and removal of the phosphorus oxychloride under reduced 
pressure on the water-bath, the residue was dissolved in dry ether 
and added directly to an alcoholic solution of sodium phenoxide. 

N-2 : 4: 6-T'richlorophenylbenziminophenyl ether, stout prisms, 
m. p. 88-5° (Found: N, 3-8. C,,H,,ONCI, requires N, 3-7%). 

N-2 : 4: 6-Trichlorophenylbenzimino-2 : 4 : 6-trichlorophenyl ether, 
colourless needles, m. p. 141°, sparingly soluble in boiling alcohol 
(Found: N, 3-0. C,,H,ONCI, requires N, 2-9%). Heated at 
250—260° for 2 hours, it was mostly recovered unchanged, but at 
280—300° benzoyl-2 : 4:6: 2’: 4’ : 6’-hexachlorodiphenylamine (m. p. 
194—195°. Found: N, 3-0%) was produced. The isomerisation 
of this imino-ether was therefore much slower than that of the 
corresponding N-phenylbenzimino-2 : 4 : 6-trichlorophenyl ether. 

N-p-Anisylbenziminophenyl ether, prepared from benz-p-anisid- 
ideiminochloride (yellow flakes, m. p. 55°, b. p. 269—273°/162— 
180 mm. with some decomposition), formed yellow crystals, m. p. 100° 
(Found : N, 4-6. C,)9H,,0,N requires N, 4-6%). 

N-o-Nitrophenylbenziminophenyl ether, stout prisms, m. p. 67-—68° 
(Found: N, 9-0. CygH,,0,N, requires N, 8-8%). Several 
unsuccessful attempts to cause rearrangement of this imino-ether 
were made. At 200—220°, it remained unchanged and above that 
temperature decomposed, giving much tar. 

N-a-Naphthylbenziminophenyl ether formed a very viscous oil 
which would not crystallise (Found: N, 4:1. C,,H,,ON requires 
N, 4:3%). On heating, it underwent isomeric change into benzoyl- 
phenyl-«-naphthylamine (m. p. 148—150°; identical with an 
authentic specimen). 

N-Methylbenziminophenyl ether was prepared by Hantzsch’s 
method (Ber., 1893, 26, 926) from benzmethylamideiminochloride 
and solid sodium phenoxide. It was obtained as colourless crystals, 
m. p. 30—31° (Found: N, 6-5. C,,H,,O0N requires N, 66%). 
On hydrolysis with 50% sulphuric acid, phenyl benzoate (m. p. 
69—70°; not depressing the m. p. of an authentic specimen) was 
obtained. This imino-ether also decomposed without undergoing 
isomeric change. 

N-Phenyl-o-chlorobenziminophenyl ether, prepared from o-chloro- 
benzanilideiminochloride (yellow prisms, m. p. 59°, b. p. 235°/60 
mm.), formed colourless plates, m. p. 100° (Found: N, 458. 
C,,H,,ONCI requires N, 4:55%). 

N-Phenyl-p-chlorobenziminophenyl ether, from p-chlorobenzanilide- 
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iminochloride (b. p. 219°/17 mm.), formed pale yellow crusts, m. p. 
64—65° (Found: N, 4:3%%). 

N-Phenyl-2 : 4 : 6-trichlorobenziminophenyl ether, colourless prisms, 
m. p. 94—95° (Found: N, 3-5. C,gH,,ONCI, requires N, 3-7%). 

N-Phenyl-p-methoxybenziminophenyl ether, m. p. 86—87° (Found : 
N, 4:4. C,9H,,0,N requires N, 4-6%). This compound appeared 
to be dimorphous. On crystallisation from alcohol, long needles first 
appeared. These gradually dissolved and were replaced by stout 
prisms. No difference in the m. p.’s of the two forms was observed. 

N-Phenyl-o-nitrobenziminophenyl ether, thin leaves, m. p. 141— 
142° (Found: N, 9-0. C, )H,,0;N, requires N, 8-8%). Heated for 
2 hours at 230—240°, the material remained practically unchanged. 
Above this temperature it decomposed, yielding a coke-like residue. 

N-Phenyl-p-nitrobenziminophenyl ether, long, yellow prisms, m. p. 
102—102-5° (Found: N, 8-55%). 

Benzoyl-2 : 4-dichlorodiphenylamine, obtained by heating either 
N-phenylbenzimino-2 : 4-dichlorophenyl ether or N-2 : 4-dichloro- 
phenylbenziminophenyl ether, formed crusts, m. p. 109° (Found: 
N, 4:2. Cy 9H,,0NCI, requires N, 4:1%). 

Benzoyl-2 : 4 : 6-trichlorodiphenylamine was prepared from N- 
phenylbenzimino-2 : 4 : 6-trichlorophenyl ether and N-2: 4: 6-tri- 
chlorophenylbenziminophenyl ether and obtained in long prisms, 
m. p. 149° (Found: N, 3-75. Cj, ,H,,ONCI, requires N, 3-7%). 

Benzoyl-o-methoxydiphenylamine, prepared from N-phenylbenz- 
imino-o-anisyl ether, formed hard crusts, m. p. 117° (Found: N, 
4:7. OC, 9H,,0,N requires N, 4-6%). 

Benzoyl-p-methoxydiphenylamine, obtained from either N-pheny]l- 
benzimino-p-anisyl ether or N-p-anisylbenziminophenyl ether, 
formed slender prisms, m. p. 121° (Found: N, 4:8%). 

Contrary to the statement of Mumm, Hesse, and Volquartz (loc. 
cit.), N-phenylbenzimino-o-nitrophenyl ether underwent isomeric 
change at 165°. The dark oil obtained by heating this imino-ether 
(10 g.) for 1 hour at 165° was covered with ether; benzoyl-o-nttro- 
diphenylamine (4 g.) slowly crystallised ih yellowish leaves, m. p. 
134° (unchanged by recrystallisation from alcohol) (Found : N, 8°8. 
C,,H,,0,N, requires N, 8-8%). 

Benzoyl-p-acetyldiphenylamine, prepared from N-phenylbenzimino- 
p-acetylphenyl ether, formed leaves, m. p. 186—137-5° (Found : 
N, 4:4. C,,H,,0,N requires N, 4:45%). 

Each of the following five amides was prepared by heating the 
corresponding imino-ether, and also from diphenylamine and the 
appropriate acid chloride. 

o-Chlorobenzoyldiphenylamine, large prisms, m. p. 142—143° 
(Found: N, 4:8. C,.H,,ONCI requires N, 455%). 


CHAPMAN : IMINO-ARYL ETHERS. PART V. 1749 


p-Chlorobenzoyldiphenylamine, fine leaves, m. p. 138—138-5° 
(Found: N, 43%). 

2:4: 6-Trichlorobenzoyldiphenylamine, flat prisms, m. p. 118— 
119° (Found: N, 3-6. C,gH,,ONCI, requires N, 3-7%). 

p-Methoxybenzoyldiphenylamine, prisms, m. p. 139—140° (Found : 
N, 4:3. C,9H,,0,N requires N, 4-6%). 

p-Nitrobenzoyldiphenylamine, yellow prisms, m. p. 156—157° 
(Found: N, 9-05. C,).H,,0,N, requires N, 8-8%). 

2:4:6-Trichlorobenzanilide, prepared from 2:4: 6-trichloro- 
benzoyl chloride and aniline, formed long needles, m. p. 197° (Found : 
N, 4:4. C,,H,ONCI, requires N, 4-7%). 

Comparison of the Rates of Change of the Imino-ethers.—The 
comparison was made by measuring the amount of change which 
took place when each compound was heated for a given time at a 
definite temperature. Test-tubes, each containing 2 g. of an 
imino-ether, were immersed together for the standard time (90 
minutes) in a thermostat, strictly comparable results thus being 
obtained even if slight fluctuations occurred in the temperature. 

As many of the mixtures thus obtained exhibited great reluctance 
to crystallise from the fused material, analysis by melting- or 
freezing-point methods was excluded, and therefore the following 
chemical method was adopted. 

About 0-5 g. of the mixture was weighed into a stoppered flask 
and dissolved in dry ether, 25 c.c. of an approximately N/5-solution 
of sulphuric acid in dry ether were added, and the mixture was 
kept for 3 hours to permit complete separation of the imino-ether 
sulphate as crystals or as an oil. The liquid was then filtered into 
a separating funnel containing water, the residue and the filter were 
washed with a little dry ether, and the contents of the funnel were 
shaken and titrated with N /5-sodium hydroxide and phenolphthalein. 
The difference between this titration and a blank, in which 25 c.c. 
of the standard acid were used, corresponded with the amount of 
imino-ether in the weighed material. The estimation was carried 
out in duplicate. 

Control experiments showed that this process gave results agree- 
ing to within a few units % with the calculated figure, the imino- 
ether sulphate being assumed to have the formula RO-CR:NR,H,SO,. 
The error appeared to be constant for each imino-ether and the 
results in the tables below have been corrected accordingly—the 
corrections do not affect the arrangement of the imino-ethers in 
order of ease of isomeric change. 

The imino-ethers containing the 2: 4 : 6-trichlorophenyl group 
and N-phenylbenzimino-o-nitrophenyl ether did not give insoluble 
sulphates by this method, and the products obtained from them 


1750 CHAPMAN : IMINO-ARYL ETHERS. PART V. 


were examined separately. In the case of N-phenylbenzimino- 
2:4: 6-trichlorophenyl ether, the melting points of the heated 
samples were compared with those of known mixtures of the imino- 
ether and benzoyl-2 : 4: 6-trichlorodiphenylamine. The products 
from the N- and C-trichlorophenyl compounds were crystallised 
from alcohol, and the unchanged compounds weighed. N-Phenyl- 
benzimino-o-nitrophenyl ether underwent rearrangement at so low 
a temperature as to leave no doubt as to its position in the series. 

The change of N-phenylbenziminomethyl ether was studied 
separately by Lander’s method (J., 1903, 83, 406): 10 g., heated 
in a sealed tube at 300—330° for 2 hours, gave 2-5 g. of benzoyl- 
methylaniline (m. p. after recrystallisation 57°; did not depress the 
m. p. of an authentic specimen). 

The results obtained were as follows : 


O-Substituted ethers, RO*-CPhiNPh. 


Percentage changed in 90 mins. at 


162-— 200— 219— 242— 266— 300— 
Group (R) on O atom. 163°. 201°. 220°. 243°. 255°. 267°. 330°. 
o-Nitrophenyl 
2:4:6-Trichlorophenyl ... 87 >91 
p-Acetylphenyl 39 76 92 
2 : 4-Dichlorophenyl 28 60 
o-Chloropheny] 16 27 
m-Chloropheny1 
p-Chlorophenyl 
a-Naphthyl 
B-Naphthyl 


N-Substituted ethers, PhO-CPh:NR. 

% Change in % Change in 

Group (R) on 90 mins. at Group (R) on 90 mins. at 

N atom. 267°. 270°. N atom. 267°. 270°. 
2:4:6-Trichlorophenyl <17 — p-Chlorophenyl ... 56 61 
2:4-Dichlorophenyl ... 31 36 a-Naphthy] 61 63 
o-Chloropheny] 37 39 Phenyl 69 75 
m-Chlorophenyl 47 49 p-Anisyl 80 85 


C-Substituted ethers, PhO*CR:NPh. 
% Change in % Change in 
Group (R) on 90 mins. at Group (R) on 90 mins. at 
C atom. 207°. 270°. C atom. 367°. 270°. 
p-Nitrophenyl 49 49 p-Chlorophenyl... 61 62 
2:4:6-Trichlorophenyl <50 <55 Phenyl 69 75 
o-Chloropheny] 63 p-Anisyl 84 


Benzoy1-2 : 4 : 6-trichlorodiphenylamine and benzoyl-p-methoxy- 
diphenylamine were unchanged after heating for 1 hour at 240—250 
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and 250—270°, respectively, showing that the isomeric changes into 
these compounds were not appreciably reversible. 


Part of the cost of this research has been defrayed by a grant 
from the Research Fund of the Chemical Society, to whom the 
author desires to express his thanks. 
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CCXX VITI.—The Action of Diazonium Salis on Pyrones 


and their Parent Substances. Part I. 
By ReainaLp THomas MULLEN and WILLIAM HavuGuTon CROWE. 


In connexion with the unsettled question of the constitution of 
mixed aliphatic aromatic azo-compounds, evidence in favour of 
the azo-structure has now been obtained, since ethyl acetonedi- 
oxalate (I), on treatment with benzenediazonium chloride in presence 
of sodium acetate, yields a mixture of ethyl dibenzeneazoacetone- 
dioxalate (IL) and ethyl dibenzeneazochelidonate (III). The former, 
on boiling with alcohol, loses water, ethyl dibenzeneazochelidonate 
being formed, with an ease that suggests the azo-structure. 


CO, Et-CO-CH(N,Ph)-CO-CH(N,Ph)-CO-CO,Et (IL-) 
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XO XO vo 
Chelidonic acid (IV) reacts with benzenediazonium chloride to 
give an azopyrone (V or VI), formula (V) being the more probable 
because this substance could not be obtained by hydrolysis of the 
ester (III). The azopyrone was also formed to some extent during 
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the reaction between benzenediazonium chloride and ethyl acetone- 
dioxalate. The replacement of carboxyl by azo-groups has been 
observed in other cases (compare Japp and Klingeman, J., 1888, 
53, 519; Bamberger, Ber., 1892, 25, 3547). 

In the presence of sodium acetate, benzenediazonium chloride 
reacts with 2 : 6-dimethylpyrone and with diacetylacetone to give 
3-benzeneazo-2 : 6-dimethylpyrone and 3: 5-dibenzeneazo-2 : 6-di- 
methylpyrone, respectively. 


EXPERIMENTAL. 


Ethyl Dibenzeneazoaceionedioxalate (II1).—Ethyl acetonedioxalate 
(prepared by Claisen’s method, Ber., 1891, 24, 111, which gives a 
better yield than Willstitter’s, Ber., 1904, 37, 3734) (7-8 g.) was 
added to an aqueous solution of benzenediazonium chloride (from 
aniline, 5 g., and hydrochloric acid, 13 ¢.c.). Addition of alcohol 
(59 c.c.) and much sodium acetate produced a heavy, red precipitate, 
which was filtered off and thoroughly washed by grinding with water ; 
the aqueous-alcoholic filtrate slowly deposited a chocolate-coloured 
substance. The red product was crystallised from 80% alcohol 
and then from benzene-light petroleum (40% benzene), large, dark 
red prisms, m. p. 130°, soluble in organic solvents, being obtained 
(Found: C, 59-2; N,12-0. C,3H,,0,N, requires C, 59-2; N,12-0%). 

Ethyl Dibenzeneazochelidonate (III)—When the red precipitate 
formed by diluting the alcoholic filtrate from the crystallisation of 
the foregoing substance with water was crystallised from benzene-— 
light petroleum, red needles were obtained, m. p. 117°, of a substance 
which was identical with that formed when ethyl dibenzeneazo- 
acetonedioxalate was boiled with alcohol and the product crystallised 
(Found: C, 61-4; H, 4:5; N, 12-5. C,;H,.0,N, requires C, 61-6; 
H, 4-5; N, 12-5%). It was readily soluble in organic solvents. 

2 : 6-Dibenzeneazopyrone.—The chocolate-brown substance men- 
tioned above crystallised from alcohol in chocolate-brown prisms, 
m. p. 131°, which were soluble in the common organic solvents 
(Found: N, 18-4. C,,H,,0,N, requires N, 18-4%). 

Action of Benzenediazonium Chloride on Chelidonic Acid.— 
Chelidonic acid (3 g.), obtained by repeatedly evaporating ethyl 
acetonedioxalate with concentrated hydrochloric acid (Claisen, loc. 
cit.), was added to a solution of benzenediazonium chloride (aniline, 
5 g.; hydrochloric acid, 13 ¢.c.; water, 30 c.c.: sodium nitrite, 
5 g.; water, 15 c.c.). The brown precipitate obtained on addition 
of an excess of sodium acetate crystallised from alcohol in chocolate- 
brown prisms, m. p. 131° (Found: C, 67:1; H, 3-6; N, 18-4%). 
A mixed-melting point proved this substance to be 2 : 6-dibenzene- 
azopyrone (above). 
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3-Benzeneazo-2 : 6-dimethylpyrone.—A solution of benzenediazon- 
ium chloride at 0° (aniline, 13 g.; hydrochloric acid, 26 c.c.; water, 
60 c.c.: sodium nitrite, 13 g.; water, 30 c.c.) was treated with 
dimethyl pyrone (6 g.) and then with sodium acetate. After 2 
days, the tarry product was filtered off and extracted several times 
with light petroleum—benzene (90% light petroleum); the pyrone 
obtained from the extract crystallised from light petroleum—benzene 
in yellow leaflets, m. p. 92° (Found: N, 12-5. C,,H,,0O,N, requires 
N, 123%). 

3: 5-Dibenzeneazo-2 : 6-dimethylpyrone.—To a solution of benzene- 
diazonium chloride (aniline, 4-3 g.; hydrochloric acid, 9 c.c.; water, 
20 c.c.: sodium nitrite, 4-3 g., in water, 10 c.c., was added until a 
blue colour was obtained on starch-—iodide paper), diacetylacetone 
(2:5 g., prepared by boiling dimethylpyrone with baryta, acidifying 
the solution, and extracting it with ether; Annalen, 1890, 251, 256) 
was added, followed by sodium acetate. The solution became 
yellow and then a light red substance was slowly precipitated. 
After 12 hours, this was filtered off, washed with cold water, and 
crystallised from benzene, from which it separated in light red 
needles, m. p. 150° (Found : N, 16-8. C,,H,,0,N, requires N, 16-9%). 
It was soluble in organic solvents, but insoluble in water. 


The authors wish to express their indebtedness to Professor J. N. 
Collie, F.R.S., and Professor A. W. Stewart for their interest in 
this research. 
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CCXXIX.—Metallic Hydroxy-acid Complexes. Part 
IV. Complexes formed by Copper with the Mono- 
basic Monohydroxy-acids. 


By Ian Witii1Am WARK. 


Tue author has suggested (J., 1923, 123, 1816) that the stability of 
the metallic derivatives of a hydroxy-acid may be expected to 
increase with the acidity of the hydroxylic hydrogen. Thus, 
although the’ derivatives of lactic acid (loc. cit.) and of glycollic acid 
(Pickering, J., 1911, 99, 1347) are easily hydrolysed, it was anticip- 
ated that the increased acidity of the hydroxyl group in mandelic 
and salicylic acids would lead to the formation of more stable 
complexes. These conclusions have now been verified experi- 
mentally. 
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It has previously been shown that the composition of sodium 
cuprilactate is most probably Na,[(*O*CHMe-CO,°),Cu]. In order 
to ascertain whether this compound is representative of a general 
series formed by the simpler hydroxy-acids, some work with the 
complexes formed by glycollic, mandelic, and salicylic * acids has 
been undertaken, and has established the fact that sodium cupri- 
lactate is a definitely representative compound. 

After a satisfactory general method of attack had been devised, 
it seemed desirable to ascertain whether the dihydroxy-phenols and 
the amino-acids would yield to a similar treatment. Accordingly, 
the copper derivatives of pyrocatechol and glycine were treated in 
alcoholic solution with sodium methoxide. Although blue complexes 
were formed in each case, no stable derivative could be isolated ; 
and the complexes readily decomposed with the precipitation of 
cuprous or cupric oxide. Cupric phenylglycine is practically 
insoluble in a solution of sodium methoxide. 

The constitution of the complexes will be discussed in a subsequent 


communication. 
EXPERIMENTAL. 


A. Preparations in Aqueous Solution. 


Cuprimandelates—Cupric i-mandelate (Winkler, Annalen, 1836, 
18, 320), which is anhydrous when dried at 100°, was obtained as a 
pale blue, sparingly soluble monohydrate by mixing solutions of 
sodium mandelate and cupric chloride [Found: Cu, 16-3; H,0, 
52. Cu(CgH,O,).,H,O requires Cu, 16-6; H,O, 4-7%]. 

Action of alkali on cupric mandelate. Since cupric mandelate is 
not wetted by water, it was necessary to wet it with alcohol in order 
to effect solution in alkali. Two equivs. of caustic soda (N/2) 
dissolve 1 mol. of the mandelate, presumably according to 
the equation 2NaOH + Cu(C,H,03), = 2H,O + Na,[Cu(CgH,035)o]. 
This solution deposits cupric hydroxide on standing. It may be 
stabilised by the addition of excess of sodium mandelate [compare 
cupric lactate (Joc. cit., where the reasons for this stabilising effect 
have been discussed) ]. 

After the addition of slightly less than two equivs. of caustic soda, 
the solution becomes alkaline to phenolphthalein, but provided that 

* The aromatic B-hydroxy-acids of the salicylic acid type resemble the 
aliphatic a-hydroxy-acids with respect to complex formation (Weith, Ber., 
1876, 9, 342; Pickering, J., 1912, 101, 174; Beilstein, 3rd Edn., II, 1492; 
Piria, Ann. Chem. Pharm., 1855, 17, 262). Piria states that cupric salicylate 
readily gives moderately stable derivatives, K,[Cu(C;H,O3),],4H,O and 
Ba{Cu(C,H,0;),],4H,0, resembling the above cuprilactate, but he gives no 
experimental detail or analytical figures in support of this contention. 
Kahlenberg (Z. physikal. Chem., 1895, 17, 577) has found that, in the presence 
of sulphate ions, the concentration of the copper ions in a solution containing 
the complex cuprisalicylate is of a low order of magnitude. 
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a sufficient excess of the sodium mandelate is present, further 
addition of caustic soda does not precipitate cupric hydroxide, even 
in boiling solution. Such an alkaline solution, however, readily 
oxidises glucose. 

Salts of Cuprimandelic Acid.—1. Sodium cuprimandelate, 

Na,[Cu(C,H,O3)o]- 
The chemistry of this compound is discussed in Section B. 

II. Sodiwm hydrogen cuprimandelate, NaH[Cu(C,H,O,),]. A con- 
centrated solution of 1 mol. of cupric mandelate in 2 mols. of caustic 
soda, which has been stabilised by the addition of sodium mandelate, 
deposits slowly on standing a copious crop of fine, pale blue crystals. 
These are but slightly soluble in water. Analysis showed them to 
contain sodium and copper in the proportion 1:1, whereas the 
synthetic proportion was 2:1 {Found: Na, 5-2; Cu, 13-4; H,O, 
15-6. NaH[Cu(C,H,0,).],4H,0 requires Na, 5-0; Cu, 13-8; H,0, 
15:7%}. Evidently as the compound separates some alkali is 
liberated; if the solution is exposed to the air, carbon dioxide is 
absorbed and crystals of sodium carbonate begin to form. This 
compound is regarded as an acid salt, for 1 mol. of caustic soda 
dissolves it according to the equation NaH[Cu(C,H,O,),.] + NaOH= 
Na,[Cu(C,H,O5).] + H,O, but again, on evaporation, the pale blue 
acid salt crystallises out. Cuprimandelic acid must be considered a 
fairly weak acid if carbonic acid is able to extract some of the alkali 
from its normal salt in this way, even when allowance is made for 
the fact that the acid salt is rather sparingly soluble. 

III. Silver cuprimandelate. A neutral solution of sodium cupri- 
mandelate, prepared by treating an excess of cupric mandelate * 
with caustic soda solution, is rapidly filtered into a solution of the 
calculated quantity of silver nitrate; a pale blue precipitate of 
silver cuprimandelate is formed immediately : Na,[Cu(C,H,0,).] + 
2AgNO; = 2NaNO, + Ag,[Cu(C,H,0,),]. The salt is quite stable 
on boiling, but darkens after exposure to light for several months 
{Found: Ag, 36-8; Cu, 11-4. Ag,[Cu(C,H,O,),] requires Ag, 37:3; 
Cu, 11-0%}. (The author is indebted to Mr. W. J. Lawrence for this 
analysis and that of the following mercurous salt.) 

IV. Mercurous cuprimandelate may be prepared in a like manner 
to the silver salt, which it resembles in appearance {Found: Hg, 
47-4; Cu, 7:2. Hg,[Cu(C,H,0,).],5H,O requires Hg, 46-9; Cu, 
74%}. On prolonged heating, the mercury volatilises with the 
water of crystallisation, leaving pure cupric mandelate. 

V. Ferric cuprimandelate also may be prepared by double decom- 
position. If excess of ferric chloride be present, a yellow or red 
solution is formed. With calculated quantities of the reagents, a 


* It is advisable to use only small quantities of the cupric mandelate and to 
work rapidly, for the solution of sodium cuprimandelate is somewhat unstable. 
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yellowish-brown, crystalline precipitate forms on boiling {Found : 
Fe, 7-5; Cu, 12-7; H,O, 16-8. Fe,[Cu(C,H,0,).],,14H,O requires 
Fe, 7:7; Cu, 13-1; H,O, 17-3%}. 
VI. Cupric cuprimandelate was prepared as a pale blue, crystall- 
ine powder by double decomposition {Found : Cu, 29-3. 
Cu[Cu(CgH,0s)o] 
requires Cu, 29-6%}. There was no loss in weight on heating to 130°, 


B. Preparations in Non-aqueous Solvents. 


The main difficulties encountered in the present work arise from 
the ease with which the complexes are hydrolysed. Hence it was 
decided to use cupric salicylate, which is soluble in alcohol, acetone, 
and even chloroform, and exclude all traces of water.. Later, it was 
found possible to deal in a similar manner with the mandelate, 
glycollate, and lactate, although they themselves are practically 
insoluble in these solvents. 

I. Sodium Cuprisalicylate—As a starting point, normal cupric 
salicylate is readily obtained by the method outlined by Pickering 
(loc. cit.). Piria (loc. cit.) has reported that this compound easily 
breaks down into free salicylic acid and the basic salicylate. Indeed, 
on prolonged heating at 110°, some of the acid volatilises, leaving 
dark brown patches of the basic salt, which should be regarded as 
the cupric salt of cuprisalicylic acid, Cu[Cu(C,H,0,),]. Normal 
cupric salicylate crystallises both from alcohol and from acetone with 
solvent of crystallisation. Solutions in both solvents readily 
deposit dull green crystals of the basic salt. To a solution of cupric 
salicylate in ethyl alcohol was added an alcoholic solution of sodium 
ethoxide, such that the proportion was approximately 2Na : Cu. 
A pale green crystalline precipitate formed immediately and was 
collected, washed, and dried over concentrated sulphuric acid in 
a vacuum desiccator. It is soluble in water but rapidly under- 
goes hydrolysis to cupric hydroxide {Found: Cu, 16-3; Na, 12:3. 
Na,[Cu(C,H,03).] requires Cu, 16-6; Na, 12-1%}. 

II. Sodium Cuprimandelate—It was pointed out in Section A 
that disodium cuprimandelate cannot be isolated readily from its 
aqueous solution. It can, however, be obtained by dissolution of 1 
mol. of anhydrous cupric mandelate in an alcoholic solution of 2 
mols. of sodium ethoxide : 

2NaOEt + Cu(C,H,0,), = Na,[Cu(C,H,0,).] + 2EtOH. 
This solution was rapidly filtered while hot, and on standing over- 
night pale blue crystals separated {Found: Na, 9:2; Cu, 12-7. 
Na,[Cu(C,H,0,).],2C,H,"OH requires Na, 9-2; Cu, 12:7%}. The 
loss in weight on drying at 90° was 17-8% (Cale. for 2C,H,OH, 
18-3%); at 100° the compound gradually decomposed giving the 
odour of benzaldehyde. 


. 
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III. Sodiwm Cupriglycollate—Cupric glycollate, the starting 
point, has been described by Pickering (J., 1911, 99, 1347), Fahl- 
burg (J. pr. Chem., 1873, 7, 339), and Heintz (J., 1861. 14, 439). 
Pickering and Kahlenberg (loc. cit.) have both investigated the 
action of aqueous alkalis upon this salt. Pickering came to the 
conclusion that for the formation of a neutral complex the ratio 
KOH: Cu was 1-64, and by the addition of alcohol he precipitated 
from the colloidal solution so formed an emulsion in which K : Cu = 
1:1. These conclusions, if verified, would stamp the glycollate as 
being quite exceptional. Pickering also described a strongly 
alkaline compound in which the proportion was 2K : Cu. 

Finely powdered, anhydrous cupric glycollate, although it dissolves 
in an alcoholic solution of sodium ethoxide, readily gives rise to an 
insoluble derivative. Consequently, sodium methoxide was sub- 
stituted : 2NaOMe + Cu(C,H,0,), = Na,[{Cu(C,H,05).] + 2MeOH. 
A fine crop of bright blue crystals formed over-night {Found : 
Na, 13-7? Cu, 19-0; loss at 110°, 23-2. Na,[Cu(C,H,0,),],24CH,°OH 
requires Na, 13-6; Cu, 18-8; 24CH,O, 23-7%}. At temperatures 
higher than 110°, decomposition occurred. An aqueous solution 
deposited copper hydroxide in a few minutes. 

IV. Sodium Cuprilactate—The reactions of this compound in 
aqueous solution were discussed in an earlier paper (loc. cit.). 
Finely powdered, anhydrous cupric lactate, dissolved in the 
theoretical quantity of sodium ethoxide, deposits slowly on standing 
a pale violet, crystalline salt of low density {Found: Na, 12:8; 
Cu, 16-6; loss at 110°, 13-1. Na,[Cu(C,H,0,),],2C,H,O requires 
Na, 12-2; Cu, 16-8; 2C,H,O, 12-2%}. Heating to higher tem- 
peratures rapidly decomposed the compound. 


C. Measurements of Hydrogen-Ion Concentration. 


Darmois (J. Phys. Radium, 1924, [vi], 5, 225), using the quin- 
hydrone electrode, has investigated the action of caustic soda on 
cupric malate (compare J., 1923, 123, 1831). He followed the 
effect produced by the gradual addition of alkali to a solution 
containing cupric malate, confirming the results of the work cited 
above. It seemed that this method, which owes its application to 
the fact that the electrode functions whilst there is still insufficient 
hydrogen present to allow the reaction Cu” + H, = 2H’ + Cu to 
proceed, would be useful in deciding quickly, without the necessity 
for laborious analyses such as have been outlined in the preceding 
sections, whether all these cupric salts behaved in a similar manner 
to the cupric mandelate, the derivatives of which were, at the time, 
the only series which had been investigated. 

The method failed when any alkali metal was present, for the 


quinhydrone was oxidised and a deposit of cuprous oxide formed. 
3N 
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However, some useful results were obtained before alkali had been 
added. According to the views advanced by the author, the cupric 
salts from which the complexes are derived are usually isomeric with 
the parent acids of the complexes themselves. Thus it was shown 
that cupric malate, CuC,H,O,, is isomeric with cuprimalic acid, 
H-CuC,H,0,, and that in solution both compounds exist side by side. 
Likewise one might expect isomerism between cupric lactate and 
cuprilactic acid, cupric salicylate and cuprisalicylic acid, etc. 
Hence it seemed advisable to estimate roughly the hydrogen-ion 
concentrations in solutions of the various cupric salts under 
investigation. The quinhydrone electrode is useful for this purpose, 
and the results were checked by means of indicators, as shown in the 
following table. 
Cupric salt employed. Salicylate. Glycollate. Lactate. 
By indicators 5 5 

pu >} By quinhydrone—quinol 

| electrode ° 4-7 , #7 

Cupric salicylate is markedly acidic compared with the glycollate 
or lactate. One might expect, therefore, that cuprisalicylic acid 
would be a stronger acid than cuprilactic or cupriglycollic acid, and 
that its salts would be more stable—a prediction abundantly 
verified by experiment. It is unfortunate that cupric mandelate 
is not sufficiently soluble to enable a comparison with the other 
salts to be made. 

Summary. 

1. It has been shown that several monobasic monohydroxy-acids, 
viz., lactic, mandelic, glycollic, and salicylic acids, all give rise to 
similar copper-containing complex acids. 

2. The sodium salts of these complex acids have been isolated 
from alcoholic solutions. Their formule are of the type 

Na,{ (*O-CHR-CO,°),Cu] 
and they all hydrolyse readily in aqueous solution. 

3. The derivatives of cuprimandelic acid, which are more stable in 
aqueous solutions than most of the other complexes, have been 
investigated more fully. 

4. The hydrogen-ion concentrations in solutions of the cupric 
salts of lactic, glycollic, and salicylic acids have been estimated. 


The author wishes to express his thanks to the Commissioners for 
the Exhibition of 1851 for a Scholarship which enabled him to carry 
out that portion of the work which was performed in California. 
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